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Citrus}  host  of  Fiorinia  thex 78 

Citrus  sp. — 

host  of  Pulvinaria  ixorx 66 

host  of  Takahashia  citricola 68 

Citrus  trifoliata,  host  of  Aspidiotus  (Aonidiella)  cocotiphagus 15 

Clusia  sp.,  host  of  Gymnaspis  clusix 56 

Cneorum  pulverulentumt  host  of  Chionaspis  canariensis 89 


INDEX.  121 

Page. 

Coccidse,  national  collection 1-10 

(See  also  National  collection  of  Coccidse.) 
Cocoanut  (see  also  Cocos  nucifera) — 

host  of  Asterolecanium  lineare ,  35 

infested  by  Aspidiotus  cocotiphagus 11 

Cocoanut  palm — 

host  of  Chionaspi8  inday 48 

host  of  Fiorinia  fiorinise 80 

host  of  Paralecanium  cocophyllse 47 

C'ocog  nucifera — 

host  of  Aspidiotus  (Aonidiella)  cocotiphagus 15, 51 

host  of  Aspidiotus  variant 94 

host  of  Chrysomphalus  propsimus 55 

host  of  Cryptaspidus  nucum. . 91 

host  of  Lepidosaphes  mcgregori 57 

host  of  Lepidosaphes  unicolor 58 

host  of  Parlatoria  greeni 58 

Codiseum  vanegatum,  host  of  Pseudococcus  crotonis 86 

Coffea  arabica — 

host  of  Asterolecanium  coffeae 84 

host  of  Cerococcus  ornatus 63 

Coffea,  host  of  Ceroplastes  vinsonioides 88 

Coffee,  Liberian — 

host  of  Coccus  hesperidum  javanensis 45 

host  of  Pseudococcus  coffese 40 

Coleus,  host  of  Pseudococcus  citri  coleorum 40 

Connarum  smeathmanni,  host  of  Diaspis  africana 68 

Copaifera  guibourtiana  (?),  host  of  Ckionaspis  vuilleti 48 

Cordalia  lineata,  host  of  Tachardia  cordalix 87 

Cotton.     (See  Gossypium  sp.) 
Cottonwood  (see  also  Populus  sp.) — 

host  of  Aspidiotus  (Hemiberlesia)  popularum 23 

Coursetia  glandulosat  host  of  Aspidiotus  (Diaspidiotus)  coursetise 20, 52 

Crab-apple,  host  of  Parlatoria  chinensis 31 

Cremastogaster  near  hneri,  associated  with  Houardia  troglodytes 47 

Cremastogaster  rogenhoferi,  attending  Phenacoccus  hirsutus 39 

"  Croton,"  host  of  Lepidosaphes  auriculata 56 

Croton  laeciferum,  host  of  Tachardia  albizzise 87 

Croton  majesticum,  host  of  Lepidosaphes  serrifrons 57 

Croton  tiglium,  host  of  Pulvinaria  burhilli 43 

Croton  undulatum,  host  of  Lepidosaphes  serrifrons 57 

Croton,  variegated.     (See  Codiseum  variegatum.) 
Crudia  zenkeri — 

host  of  Aonidia  biafrx 70 

host  of  Lepidosaphes  crudise 72 

Cupressus,  host  of  Fiorinia  fiorinise 80 

Cupressus  macrocarpa — 

host  of  Pseudococcus  cupressi 40 

host  of  Sphaerococcus  cupressi 85 

host  of  Xylococcus  macrocarpa 35 

Cuviera  angolensist  host  of  Stictococcus  formicarius 64 

Cybocephalus  nigritulus,  enemy  of  Fiorinia  these 79 
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CycU>8temon  bipindensis,  host  of  Ischnaspis  bipendensis 71 

Cycas  circinalis,  host  of  Fiorinia  fiorinix 80 

Cycas  revoluta,  host  of  Fiorinia  fiorinix 79, 80 

Cynodon  sp.,  host  of  Margarodes  mediterraneus 34 

Cynometra  sp. — 

host  of  Aonidia  biafrx 70 

host  of  Diaspis  limuloides 69 

host  of  Lepidosaphes  aberrans 71 

host  of  Lepidosaphes  tenuior 72 

Cytisu8  filiper,  host  of  Chionaspis  canariensis 89 

Cytisus  prolifer  var.  palmensis,  host  of  Pseudococcus  aridorum 86 

Dactylis  glomerata,  host  of  Ceroputo  volynicus 39 

Dalbergia  sissu,  host  of  Mpnophlebus  stebbingi  octocaudata 33 

Date  palm,  host  of  Sphxrococcus  draperi 38 

Date-palm  scale.    (See  Parlatoria  blanchardi.) 

Davallia  sp.,  host  of  Lepidosaphes  ocellata 57 

Dendrocalamus  giganteus,  host  of  Asterolecanium  coronatum 62 

Dendrocalamus  sp.,  host  of  Asterolecanium  miliaria  robusta 35 

Diaspinse,  order  followed  in  describing 8 

Diaspis  fiorinix,  synonym  of  Fiorinia  fiorinix 79 

Dichapetalum  sp.,  host  of  Aspidiotus  mxandrius 69 

Dislichlis  sp.,  host  of  Eriococcus  salinus 85 

Dracxna  draco — 

host  of  Aspidiotus  lauretorum 93 

host  of  Aspidiotus  tinerfensis 94 

Dracxna  indivisaf  host  of  Fiorinia  fiorinix / 80 

Dracxna  sp.,  host  of  Phenacaspis  tangana 90 

Ehretia  cymosa,  host  of  Aspidiotus  replicatus 70 

Elder.    (See  Sambucus  glauca.) 

Elymus  condensatus,  fyost  of  Ripersia  smithii 65 

Ephedra  altissima — 

host  of  Aspidiotus  trabuti 53 

host  of  Stotzia  striata 44 

Ephedra  andinat  host  of  Dinaspis  ichesii 95 

Ephedra  corsoniana,  host  of  Leucaspis  ephedrx 50 

Ephedra  intermedia,  host  of  Parlatoria  ephedrae 95 

Ephedra  nebiodensis,  host  of  Parlatoria  ephedrx 95 

Ephedra  nebiodensis  var.  procera,  host  of  Parlatoria  ephedrx 95 

Epxgsea  repens,  host  of  Aspidiotus  (Hemiberlesia)  epigxx 22, 52 

Erica  arborea,  host  of  Diaspis(?)  ericicola 48 

Erica  tetralix,  host  of  Aspidiotus  bararicus 92 

Eriogonum  stellatum,  host  of  Eriococcus  eriogoni 85 

Erythrina  lithosperma}  host  of  Pseudococcus  crotonis 86 

Euphorbia  aphylla,  host  of  Aspidiotus  taorensis 94 

Euphorbiacese — 

host  of  Diaspis  conservans 69 

host  of  Pseudaonidiaferox 54 

Euphorbia  regis-jubx — 

host  of  Aspidiotus  taorensis 94 

host  of  Diaspis  barrancorum 90 

Euphorbia  sp. — 

host  of  Aspidiotus  fissus 93 

host  of  Aspidiotus  tectarius 94 
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host  of  Crypta8pidiotU8  austro-afncanus 92 

host  of  Pseudaonidia  magna 54 

Euphorbia  virosa,  host  of  Aspidiotus  euphorbise 93 

Eurya  ochnacea,  host  of  Coccus  ochnacese 67 

Fabiana  denudata — 

host  of  Ceroplastes  longiseta 88 

host  of  Targioniafabianse 94 

Ferns,  food  plant  of  Fiorinia  fiorinise 80 

Festuca  sp.,  host  of  Trionymus  californicus : . : 86 

Ficus  bengalensis,  host  of  Monophlebus  stebbingi  octocaudata 33 

Ficus  carica — 

host  of  Eriococcus  lagerstrcemix 37 

host  of  Monophlebus  stebbingi  octocaudata 33 

Ficus  elastica,  host  of  Fiorinxa  fiorinise ■. 80 

Ficus  glomerata — 

host  of  Hemichionaspis  fici 49 

host  of  Monophlebus  stebbingi  octocaudata 33 

Ficus  indica,  host  of  Pseudaonidia  sUvatica., 54 

Ficus  infectoria,  host  of  Monophlebus  stebbingi  octocaudata 33 

Ficus  religiosa,  host  of  Monophlebus  stebbingi  octocaudata 33 

Ficus  sp. — 

host  of  Ceroplastes  ficus 65 

host  of  Ceroplastes  gowdeyi 88 

host  of  Ceroplastes  quadrilineatus. 66 

host  of  Chionaspis  manni 48 

host  of  Fiorinia  fiorinise 80 

host  of  Hemichionaspis  minima 49 

host  of  Lecaniodiaspis  africana 84 

host  of  Pulvinaria  jacksoni 44 

Fig,  host  of  Aspidiotus  (Diaspidiotus)  ofricanus 16, 17, 18, 19,  51 

Filiciwtn  decipiens,  host  of  Tachardia  albizzise 87 

Fiorinia,  article 75-82 

Fiorinia  camellise,  synonym  of  Fiorinia  fioriniss 76 

Fiorinia  fiorinise — 

bibliography 79 

description 80-81 

discussion  of  synonymy 79-80 

distribution .• 80 

enemies 80 

hosts 80 

in  table  of  species 76 

Fiorinia  fioriniss  japonica — 

bibliography 81 

description 82 

in  table  of  species 76 

Fiorinia  fiorinise  var.  camellise,  synonym  of  Fiorinia  these 77 

Fiorinia  fiorinise  var.  minor,  comparison  with  Fiorinia  fiorinise 79-80 

Fiorinia  palmse,  synonym  of  Fiorinia  fiorinise 79 

Fiorinia  pellucidaf  synonym  of  F.  fiorinise 79 

Fiorinia,  generic  characters 75-76 

Fiorinia  these — 

bibliography 76 

distribution 78 
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egga 7* 

enemies IS) 

female 78 

food  plants 78 

in  table  of  species 70 

scale  of  female 77 

scale  of  male * 77-78 

Fiscus  sp.,  host  of  Tachardia  longisetosa 87 

Fumaria  major,  host  of  Macrocerococcus  superbus 38 

Fungus,  associated  with  Phenacaspu  lutea 90 

Furcraea  gigantia,  host  of  Aspidiotus  furcraeicola 93 

Garcinia  sp.  host  of  Fiorinia  fioriniae 80 

Gelonium  lanceolatum,  host  of  Inglisia  chelonioides 68 

Gigantochloa  aspera,  host  of  Asterolecanium  coronatum 62 

Gleditsia  triacanthos,  host  of  Aspidiotus  (Diaspidiotus)  afrieanus 17, 18,  5 1 

Gnttum  leyboldi,  host  of  Pseudoparlatoria  cristata.. 7 J 

Gnetum  scandens,  host  of  Parlatoria  hastata 95 

Gossypium  hirsutum,  host  of  Hemichionaspis  Jici 49 

Gossypium  sp.— 

host  of  Cerococcus  hibisci 36 

host  of  Pseudococcus  perniciosus 65 

Gourliea  decorticans,  host  of  Pseudococcus  percerosus 86 

Grasses  (Graminacese)- - 

host  of  Orthezia  martelli 35 

host  of  Phenacoccus  graminicola 39 

Grass  (see  also  Distichlis  sp.) — 

host  of  Odonaspis  graminis 55 

host  of  Odonaspis  ruthae 56 

host  of  Pseudococcus  aridorum 86 

host  of  WdOceiiana  africana 61 

Grema  microcos,  host  of  Inglisia  castilloae 88 

Grewia  sp. ,  host  of  Fiorinia  tumida 51 

Ground  laurel.     (See  Epigaea  repens.) 
Guava.     (See  Psidium  guava.) 

1  'Gum-trees, "  host  of  Ceromma  caudata 43 

Gymnosporia  cassinoides — 

host  of  Aspidiotus  gymnosporia? 93 

host  of  Aspidiotus  laurctorum • 93 

Gymnosporia  montana,  host  of  Coccus  gymnospori 45 

Hakea  gibbosa,  host  of  Palacococcus  rosie  australis 34 

Hake  sp. ,  host  of  Aspidiotus  comperei , 13, 152 

Haloxylon  ammodendron,  host  of  Pulvinaria  orientalis 44 

' 'Hariali "  grass,  host  of  Antonina  indica 43 

Harogana  madagascariensis,  host  of  Inglisia  conchiformis 68 

Harpullia  cupanioidesy  host  of  Tachardia  albizzise 87 

Heberdenia  excclsa,  host  of  Aspidiotus  lauretorum 93 

Iledera  helix  canariensisf  host  of  Aspidiotus  lauretorum 93 

Iledera  helix ,  host  of  Fiorinia  fioriniae 80 

Helianthemum  kahiricumf  host  of  Cerococcus  eremobius 36 

Helicteres  isora,  host  of  Cerococcus  indieus 63 

Hemlock,  Japanese  (see  also  Tsuga  sp.) — 

host  of  Fiorinia  fioriniae  japonica 82 
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host  of  Asterolecanium  pustulans  seychellarum 62 

host  of  Lepidosaphes  fasciata 94 

Hibiscus,  host  of  Parlatoria  chinensis 31, 58 

Hibiscus  liliflorus,  host  of  Cerococcus  hibisci 36 

Honey  locust.     (See  Gleditsia  triacanthos.) 

Eyalis  argentea,  hoet  of  Pseudococcus  mendozinus 86 

Hypericum  corts,  host  of  Aspidiotus  privignus 53 

Ilex  canariensis,  host  of  Aspidiotus  lauretorum 93 

Ilex  platyphylla,  host  of  Aspidiotus  lauretorum 93 

Ilex  sp. — 

host  of  Aulacaspis  penzigi 49 

host  of  Palxococcus  pulcher 34 

host  of  Pinnaspis  javanica 49 

IUigera  pentophylla,  host  of  Aspidiotus  replicatus » 70 

Index  to  catalogues  of  recently  described  Coccidse 99-116 

Japanese  quince,  host  of  Fiorinia  fiorinix 80 

Juglans  regia,  host  of  Pseudococcus  baheri 64 

Juniperus  bermudiana,  host  of  Fiorinia  juniperi • 51 

Juniperus  communis,  host  of  Pseudococcus  vovse 41 

Juniperus  phcenicea —  -% 

host  of  Cryptaspidiotus  mediterraneus 71 

host  of  Diaspis  atlantica 90 

Juniperus  sp. ,  host  of  Aonidia  juniperi 24,  56 

Juniperus  virginiana,  host  of  Pseudococcus  juniperi 40 

Jujube,  host  of  Parlatoria  chinensis 31 

Justicia  alba,  host  of  Ckionaspis  longispina 89 

Kentia  belmoreana,  host  of  Fiorinia  fiorinia? 79,  80 

Kentia,  host  of  Fiorinia  fwrinvz 79 

Kentia  fosteriana,  host  of  Fiorinia  fiorinix 80 

Kieffer  pear,  infested  by  Aspidiotus  (Diaspidiotvs)  africanus 18 

"Kxuibes, "  host  of  Monophlebus  africanus 83 

Lagerstroemia  indica,  host  of  Eriococcus  lagerstramxidc 37 

Landolphia  sp.,  host  of  Tachardia  albizzise 87 

Larix  sp.,  host  of  Fiorinia  fiorinia3 80 

Larrea  cuneata — 

host  of  Birchippia  aniericana 85 

host  of  Ceroplastes  irregularis 88 

host  of  Gymnococcus  lahillci 85 

host  of  Lecanium  elegans 89 

host  of  Protargionia  larresc 94 

Larrea  divaricata — 

host  of  Birchippia  americana 85 

host  of  Gymnococcus  lahillei 85 

host  of  Lecanium  elegans 89 

host  of  Protargionia  larrex 94 

Lasius  fiavus,  associated  with  Ripersiaformicarii *. 42 

Lauracex,  hosts  of  Aspidiotus  lauretorum 93 

Laurus  (xmariensis — 

host  of  Aspidiotus  lauretorum 93 

host  of  Cryptaspidiotus  aonidioides 92 

host  of  Pulvinaria  plana 87 

Lawsonia  alba,  host  of  Walkeriana  cinerea 34 

Lebbek.    (See  Albizzia  lebbek.) 
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Ledum  gramlandicum,  host  of  Pseudococcus  ledi 86 

Lepidium  draba,  host  of  Macrocerococcus  superbus 38 

Lepidosaphes  lasianthi,  associated  with  Fiorinia  these 78 

Leptospermum,  host  of  Fiorinia  fiorinise 80 

Leucaspis  indica — 

attacking  mango 11 

description 26-27 

IAcula,  host  of  Fiorinia  ftorinim: 80 

Livistona,  host  of  Fiorinia  fiorinix 80 

Loranthus  sp. — 

host  of  Diaspis  barberi 48 

host  of  Lepidosaphes  kamerunensis 72 

Loranthus  undulatus  var.  sagittifolius,  host  of  Diaspis  parva 90 

Lotus,  host  of  Macrocerococcus  superbus ., 38 

Lycium  chilense — 

host  of  Pulvinaria  argentina 87 

host  of  Tachardia  lycii 87 

Macrolobium  palisoti,  host  of  Lepidosaphes  meridionalis 72 

Macrolobium  sp.,  host  of  Phenacaspis  bussii 90 

Afacrolobium  zenkeri,  host  of  Diaspis  hamala 69 

"Malaboda."    (See  Myristica  laurifolia.) 

Mallotus  philippinensis,  host  of  Cryptoparlatorea  uberi/era 95 

Mango — 

attacked  by  Leucaspis  indica  and  Parlatoria  mangiferx 11 

host  of  AuUtcaspis  cinnamoni  mangiferx 90 

host  of  Icerya  minor 34 

host  of  Leucaspis  indica 27, 50 

host  of  Monophlebus  stebbingi  octocaudata 33 

host  of  Parlatoria  mangiferse 29 

host  of  Phenacoccus  iceryoides 39 

host  of  Pseudaonidia  greeni 54 

Mangosteen,  host  of  Pseudaonidia  greeni 54 

Manihot  glazionii,  host  of  Stigmacoccus  zimmermanni 83 

' '  Margosa . ' '    ( See  Azadirachta  indica. ) 
Marlatt,  C.  L. — 

paper,  "New  Species  of  Diaspine  Scale  Insects," 11-97 

paper,  "The  National  Collection  of  Coccidee  " 1-10 

Menispermum  canadense,  host  of  Lecanium  cecconi 46 

Mesembryanthemum  edule,  host  of  Pseudaonidia  lounsburyi 54 

Mtsuaferrea,  host  of  Aonidia  perplexa 56 

Micromeria  ericifolia,  host  of  Chionaspis  canariensis 89 

Micromeria  linhi,  host  of  Chionaspis  canariensis 89 

Micromeria  sp.,  host  of  Chionaspis  canariensis 89 

Micromeria  teneriffse,  host  of  Chionaspis  canariensis 89 

Micromeria  terebinthacea,  host  of  Chionaspis  canariensis 89 

Microweisea  misella,  enemy  of  Fiorinia  these 79 

Miliusa  velutina,  host  of  Aonidia  (?)  targioniopsis 92 

Mimosa.    (See  Acacia  horrida.) 

Mimusops  hexandraf  host  of  Aonidia  spinosissima 70 

Miscanthus  sp. — 

host  of  Lepidosaphes  arii 71 

host  of  Ripersia  agasawarensis 65 

host  of  Ripersia  japonica 42 
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host  of  Aspidiotus  replicatus 70 

host  of  Diaspis  pugioni/era 68 

Morus  rubra,  host  of  Aspidiotus  mori 64 

Moras  sp. — 

host  of  Lecanium  mori  var.  somereni 67 

host  of  "Lecanium "  nishigaharss 47 

M'sasa  tree.    (See  Brachystegia  randii.) 

Myristica  hypargyrsea,  host  of  Chrysomphalus  samoana 93 

Myristica  laurifolia,  host  of  Lecaniodiaspis  malaboda 63 

Myiilaspis  chilopsidis,  description 27-28 

Mulberry  (see  also  Morus  sp.) —  , 

host  of  Pulvinaria  huwacola 44 

Murraya  exotica,  host  of  Fiorinia  rubrolineata 51 

National  collection  of  Coccidae — 

historical  summary 1-4 

methods  of  study 7-9 

plea  for  the  deposit  of  types 10 

preservation  of  material 5 

recent  additions  and  present  status 6-7 

recent  work  of  the  Bureau  of  Entomology.  1 4-6 

slide  collection 5-6 

work  of  the  future 9-10 

Nephelium  longana,  host  of  Fiorinia  kirsuta 51 

Non-diaspine  Coccidse,  order  followed  in  description 9 

Nolhofagus  dombeyi,  host  of  Fagisuga  triloba 35 

"Obarus,"  host  of  Chionaspis  subnudata 90 

Odina  woodice,  host  of  Fiorinia  odinx 51 

Oil  palm.    (See  Elseis  guineensis.) 

Olea  glandulifera,  host  of  Fiorinia  these ;  77,  78 

Olive  (see  also  Olea  glandulifera) — 

host  of  Euphilippia  olivina .' 44 

host  of  Lepidomphes  becbii  oleae 56 

host  of  Phenacoccus  olex 64 

Ophryoporus  andinus,  host  of  Aspidiotus  argentina 92 

Opuhe.    (See  Urera  sandwichensis.) 

Opuntia  aurantiaca,  host  of  Dactylopius  argentinus 38 

Opuntia  dillenii,  host  of  Dactylopius  ceylonicus 38 

Opuntia  ficus  indica,  host  of  Dactylopius  argentinus 38 

Opuntia,  host  of  Pseudococcus  obscurus ». .  41 

Orange — 

host  of  Aspidiotus  cocotiphagus 11 

host  of  Chionaspis  sassceri 68 

host  of  Parlatoria  cinerea 58 

Orange  tree  (Citrus),  host  of  Icerya  okadx 34 

Oreodaphne  fastens,  host  of  Aspidiotus  lauretorum , 93 

Ormosia  laxiflora,  host  of  Ceroplastes  vuilkti 45 

Oryza,  host  of  Ripersia  (?)  oryzse 42 

Osirys  alba,  host  of  Aspidiotus  cecconi 51 

Osmanthus,  host  of  Lepidosaphes  uniloba 72 

Ostodes,  host  of  Fiorinia  these 78 

Oxylenanthera  thwaitesii,  host  of  Asterolecanium  ceriferum  prominens 62 
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host  of  A8terolecanium  cerifenim 62 

host  of  Chionaspi8  substriata 68 

host  of  Pseudaonidia  kamerunica 54 

Parinarium  gabunense,  host  of  Aspidiotus  fissidens 69 

Parlatoria  affinis,  infesting  unknown  plant  in  Egypt 31 

Parlatoria  blanchardi,  damage 30 

Parlatoria  chinensis — 

description 30-32 

hosts 11 

Parlatoria  mangiferx — 

description : 28-29 

attacking  mango 11 

Parlatoria  pergandei,  damage 30 

Parlatoria  pyri — 

description 29-30 

infests  cuttings  of  apple  and  pear 11 

resemblance  to  Parlatoria  chinensis 31-32 

Pasana  cmpidata,  host  of  Asterolecanium  pasanise 62 

Pear  (see  also  Pyrvs  communis) — 

cuttings  infested  by  Parlatoria  pyri 11 

host  of  Aspidiotus  africanus 51 

host  of  Aspidiotus  pectinatus 70 

host  of  Lecanium  glandi 46 

host  of  Parlatoria  pyri 30 

Pepper.    (See  Schinus  molle.) 

Persea  gratissima,  host  of  Fiorihia  fiorinix 80 

Per  sea  sp. — 

host  of  Lepido8aphes  longula 57 

host  of  Pinnaspi8  rombica 49 

Pheidole  megacephala,  association  with  Ripersia  anomala 65 

Pheidole  pallidulaf  nests  infested  by  Phenacoccus  formicarum 39 

Phillyrea  media,  host  of  Lepidosaphes  destefanii 57 

Phleiim  pratense,  host  of  Pseudococcus  elongatus 40 

Phoebe  barbusano,  host  of  Chrysomphalus  barbusano 55 

Phoenix  canariensis,  host  of  Fiorinia  fiorinise 80 

Ph&nix  sp.,  host  of  Fiorinia  fiorinise 80 

Phormium  tenax,  host  of  Fiorinia  fiorinix 80 

Phragmite8  communis,  host  of  Aclerda  biwakoensis 47 

Phragmites  giganteat  host  of  Anionina  phragmitis 43 

Phyllodien,  host  of  Crypthemichionaspis  nigra 91 

Phytelephas  macrocarpaf  host  of  Fiorinia  fioriniae 80 

Picconia  excelsa,  host  of  Aspidiotits  lauretorum 93 

Pickle  weed.    (See  Salicomia  ambigua.) 

Pineapple,  host  of  Pseudococcus  ananassae 64 

Pinus  densiflora,  host  of  Aspidiotus  corticis-pini 52 

Pinus  hasya,  host  of  Leucaspis  indix-orientalis 91 

Pinus  pentaphylla,  host  of  Fiorinia  fiorinise  japonica 82 

Pinus  sp.,  host  of  Leucaspis  indise-orientalis 69 

Pinus  sylvestris — 

host  of  Aonidia  pinicola 56 

host  of  Leucaspis  affinis 50 

Pinus  thunbergi,  host  of  Fiorinia  fiorinm  japonica 82 
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host  of  Lepidosaphes  piperis 57 

host  of  Protopulvinaria  longivalvata 66 

Piper  sp.,  host  of  Fiorinia  diaspiformis 51 

Pistacia  lentiscus,  host  of  Leucaspis  pistacise 5o 

Plectronia  laurentii,  host  of  Eemilecanium  recurvation 67 

Plocama  pendula,  host  of  Chionaspis  canadensis 89 

Pluchea  sericea,  host  of  Pulvinaria  pluchese 44 

Poa  pratensis,  host  of  Pseudococcus  elongatus 40 

Podocarpus  chinensis,  host  of  Fiorinia  fiorinise  japonica 82 

Podocarpus  elata,  host  of  Fiorjtiia  fiorinise  japonica 82 

Podocarpus  gnidioides,  host  of  Aonidia  longa 92 

Podocarpus,  host  of  Fiorinia  fiorinise 80 

Podocarpus  nageia,  host  of  Fiorinia  fiorinise  japonica 82 

Ponera  contracta,  Ripersia  donisthorpei  in  nests 42 

Poplar  (see  also  Populus  tremula) — 

host  of  Fiorinia  africana \ 91 

Populus,  host  of  A8pidiotus  (Diaspidiotus)  transcaspiensis 21 

Populus  sp. — 

host  of  Aspidiotus  popularum 53 

host  of  A8pidiotu8  transcaspiensis 53 

Populus  tremula,  host  of  Chionaspis  micropori 26, 48 

Privet,  host  of  Aspidiotus  (Diaspidiotus)  africanus 17, 19, 51 

Prosopis  adesmioides,  host  of  Opisthoscelis  (?)  prosopidis 84 

Prospaltella  aurantii,  parasite  of  Fiorinia  fiorinise 80 

Prunus  mume,  host  of  Lecanium  kunoensis 46 

Psidium  guava,  host  of  Ceroplastes  singularis 66 

Pyrus  communis,  host  of  Pseudococcus  bakeri 64 

Pyrus  malus,  host  of  Pseudococcus  bakeri 64 

Pyrus  sinensis,  host  of  Lecanium  kunoensis 46 

Quercus  agrifolia,  host  of  Pseudococcus  agrifolise 40 

Quercus  chrysolepis — 

host  of  Kermes  rattani 36 

host  of  Kermes  shastensis. 85 

Quercus  densiflora,  host  of  Aspidiotus  densiflora 52 

Quercus  engelmanni,  host  of  Ceroputo  koebelei 85 

Quercus  glanduli/era,  host  of  Kermes  vastus 37 

Quercus  incana,  host  of  Kermes  himalayensis 36 

Quercus  lobata,  host  of  Aspidiotus  yulupx *. 53 

Quercus  serrata,  host  of  Kermes  miyasakii 36 

Quercus  sp. — 

host  of  AskroUcanium  variolosum  minor 63 

host  of  Chionaspis  Hnshinensis 68 

host  of  Eriococcus  howardi 37 

host  of  Kermes  variegatus  corticalis 37 

Quercus  suber — 

host  of  Targionia  vitis  suberi 55 

host  of  Kermes  bacci/ormis 36 

Quercus  toumeyi,  host  of  Eriococcus  quercus  gUensis 37 

Quince,  host  of  Aspidiotus  (Diaspidiotus)  africanus 17, 18, 51 

Ramona  stachyoides,  host  of  Phenacoccus  ramonse 39 

RapMs  flabelliformis,  host  of  Fiorinia  macroprocta 51 

Rhamnus  japonica,  host  of  Lecanium  kunoensis 46 

Rhododendron  ferrugineum,  host  of  Eriococcus  bezzii 37 
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Rhus  lancea,  host  of  Chionaspis  mytilaspiformis 90 

Rhus  sp.,  host  of  Aspidiotus  (Diaspidiotus)  africanus 17, 51 

Rice.    (See  Oryza.) 

Rinorea  exappendiculata,  host  of  Pseudaonidia  silvatica. 54 

Robinia  pseudacacia — 

hoet  of  A8pidiotu8  (Diaspidiotus)  africanus 16, 17, 51 

hoet  of  Hdiococcus  bohemicus 87 

Rosa  arvensis,  hoet  of  Lecanium  pulchrum 46 

Rubus  ep. — 

hoet  of  Lecanium  pulchrum 46 

host  of  Phenacoccus  colemani 39 

Ruta  oreojasma,  host  of  Chionaspis  canariensis 89 

Sage,  black.    (See  Ramona  stachyoides.) 

Salicornis  ambigua,  host  of  Ceroputo  ambigua 64 

Salsola  longifolia,  hoet  of  Chionaspis  canariensis 89 

Sambucus  glauca — 

host  of  Pseudococcus  baheri 64 

host  of  Pseudococcus  obscurus 41 

Sanders,  J.  G.,  paper, '  'Catalogue  of  Recently  Described  Cocddce — II " 33-60 

Sapindacese,  hoet  of  Fiorinia  hirsuta 51 

Sapium  sebiferum,  host  of  Ceronema  k&beli 66 

Sarothamnus  scopariusf  host  of  Lecanium  pulchrum 46 

Sasscer,  E.  R. — 

papers,  "Catalogue  of  Recently  Described  Coccidse— III,  IV".-  61-74,83-97 
paper,  "Index  to  Catalogues  of  Recently  Described  Coccidse  Included  in 

Technical  Series  Nos.  12  and  16" 99-116 

paper,  "The  Genus  Fiorinia  in  the  United  States" 75-82 

Saxegothsea  conspicua,  hoet  of  Pseudoparlatoria  chilina 56 

Scale  insects,  new  Bpecies  of  diaspine 11-32 

Schinus  molle,  host  of  Aspidiotus  (Diaspidiotus)  africanus 16, 17, 18, 51 

Schotia  humboldtioides,  host  of  Aonidia  biafrx 70 

"  Shirotsugi"  host  of  Saissetia  pseudonigrum 67 

Sida  cordifolia,  host  of  Phenacoccus  insolitus 39 

Sideroxylon  ferrugineum,  host  of  Saisseiia  sideroxylium 67 

Sideroxylon  inerme,  host  of  Aspidiotus  fissidens  pluridentatus 93 

Sima  8pininoda,  association  with  Stictococcus  formicarius 64 

Sleichera  trijugat  host  of  Tachardia  albizzix 87 

Smilax  canariensisf  host  of  Aspidiotus  lauretorum 93 

Solamim  melongena,  host  of  Chionaspis  manni 48 

Solanum  sp.,  host  of  Inglisia  castillox 88 

Solenopsis  sp.,  association  with  Ripersia  sardinix 42 

Sphasrostilbe  coccophilat  enemy  of  Fiorinia  fiorinix 80 

Stachys  glutinosa,  host  of  Aspidiotus  labiatarum 52 

Strelitzia  reginix,  host  of  Fiorinia  fiorinix 80 

Strombosiopsis  tetranda,  host  of  Aspidiotus  spiniger 70 

Strychnos  cinnabarina — 

host  of  Aspidiotus  fissidens 69 

host  of  Aspidiotus  undulatus 70 

host  of  Diaspis  stilosa 69 

host  of  Ischnaspis  bipindensis 71 

Sugar  cane — 

host  of  Pseudococcus  boninsis 64 

host  of  Pseudococcus  saccharifolii 41 
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Sunt"  tree.     (See  Acacia  arabica  var.  nilotica.) 

Suriya."     (See  Thespesia  populnea.)  rage. 

Symplocos  obtusa,  host  of  Cerococcus  albospicatus 63 

Syzygium  guineense,  host  of  Diaspis  africana ; .  (8 

Tamarind,  host  of  Monophlebus  tamarindus 33 

Tamarix  sp.,  host  of  Chionaspis  etrusca 48 

Tapinoma  erraticum,  association  with  Micrococcus  silvestrii 42 

Taxus  baccata,  host  of  Chrysomphalus  taxus 55 

Taxus  wallichianaj  host  of  Fiorinia  odinx  multipora 91 

Tea- 
host  of  Chionaspis  manni 48 

host  of  Fiorinia  these 77,  78 

host  of  Inglisia  castUlox 88 

host  of  Pseudococcus  theserola 41 

host  of  Tachardia  decorella  these ^ 43 

Tea  scale.     (See  Fiorinia  these.) 
Tea.     (See  Thea  japonica.) 

Terminalia  catappa,  host  of  Pseudococcus  crotonxs 86 

Tetramorium  cxspitum,  association  with  Lecanopsis  mirmecophila 47 

Teuaium  capitatum,  host  of  Aspidiotus  labiatarum 52 

Thea  japonica — 

host  of  Fiorinia  fiorinix 80 

host  of  Lichtensia  japonica 68 

Theobroma  cacao — 

host  of  Ceroplastes  virescens 66 

host  of  Ceroplastodes  theobromx 45 

host  of  Hemilecanium  theobromx 47 

host  of  Tachardia  albizzix 87 

Thespesia  populnea — 

host  of  Asterolecanium  thespesix 63 

host  of  Pulvinaria  thespesise 66 

Thuja,  host  of  Parlatoria  chinensis 11 

Thuja  orientalis,  host  of  Parlatoria  chinensis 31, 58 

Thymelxa  tarton  (?),  host  of  Aspidiotus  privignus 53 

Tobacco,  host  of  Coccus  nicotianx 45 

Trailing  arbutus.    (See  E pig  sea  repens.) 

Trema  guineensisf  host  of  Lecanium  tremx 89 

Tricalysia  sp.,  host  of  Pseudaonidid  gracilis 54 

Tricycla  cacheuta,  host  of  Cerococcus  andinus 84 

Tricycla  patagonica,  host  of  Cerococcus  andinus 84 

Trifolium  panormitanum,  host  of  Pseudococcus  aridorum 86 

TrUicum  vulgare1  host  of  Phenacoccus  cholodhovshyi 38 

TruUifiorinia,  characters  of  subgenus 75 

Tsuga  sieboldi,  host  of  Fiorinia  fiorinise  japonica 82 

Tsugasp. — 

host  of  Aspidiotus  tsugx 94 

host  of  Fiorinia  fiorinix  japonica 82 

Turrxa  sp.,  host  of  Hemichionaspis  chionaspiformis 91 

UJUeria  fiorinix,  synonym  of  Fiorinia  fiorinix 79 

Ulex  europxus,  host  of  Lecanium  pulchrum 46 

Ulmus,  host  of  Lepidosaphes  ficifolix  ulmicola 57 

Urera  sandxvichensis,  host  of  Cissococcus  t  oahuensis 85 

Uvaria  sp.,  host  of  Ceroplastes  uvarix 45 

Vendtia  calycina,  host  of  Cerococcus  badivs 84 
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Vernonia  sp.,  host  of  Inglisia  castillox 88 

Viburnum  odoratissimum,  host  of  Solenococcus  muratse 36 

Walnut.     (See  Juglans  regia.) 

Walsura  piscidis,  host  of  Aonidia  dentata 70 

Wild  rye.     (See  Elymus  condensatus.) 

Xanthophyllum  flavescens,  host  of  Cryptoparlatorea  parlatoreiodes 95 

Xanthoxylon^  host  of  Parlatoria  chinensis 11, 31, 58 

Zilla  macroptera,  host  of  Aspidiotus  seurati 70 

Zizyphus  sp.,  host  of  Parlatoria  chinensis 11 

Zizyphus  spinachristi,  host  of  Pseudococcus  pemiciosus 65 

Zuccagnia  punctata — 

host  of  Eriococcus  diversispinxis 85 

host  of  Saissetia  silvestrii 89 
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Type. — Bureau  of  Entomology  No.  14129.  On  Hake  sp.  and  an 
undetermined  plant.  Raventhorpe,  West  Australia,  collected  by 
George  Compere  (Nos.  968  and  990),  received  at  the  Department 
February,  1902. 

Note. — This  species  in  scale  characteristics  and  large  anal  orifice 
reminds  one  of  Aspidiotus  camellise  Sign.;  in  its  pygidial  characters 
it  is  more  like  A.  destructor  Sign.  It  differs  distinctly,  however, 
from  both  of  these  species,  as  indicated  in  the  description.  It  occurs 
massed  rather  thickly  on  the  smaller  twigs  of  the  two  food  plants. 
It  does  not  seem  to  coincide  with  any  of  the  species  described  by 
Maskell,  although,  when  MaskelPs  types  are  examined,  it  may  fall 
to  one  of  his  species. 

ASPIDIOTUS  (a.  str.)  MEYEBI  n.  sp. 
(Plate  I,  %.  2.) 

Scale  of  female:  Elongate  oval,  1.5  to  2  mm.  (or  more)  in  length; 
very  convex;  exuviae  subcentral;  larval  secretion  whitish  except  as 
obscured  by  extraneous  matter;  main  or  subsequent  secretion  dull 
resinous  brown;  larval  secretion  and  exuvia  easily  lost,  exposing  the 
large,  bright  orange  colored  second  exuvia;  scale  adhering  very 
loosely  to  the  leaf  and  easily  dislodged,  leaving  the  insect  exposed; 
inner  surface  of  scale  covered  with  snow-white  secretion  which 
entirely  conceals  the  exuviae. 

Scale  of  male:  Not  certainly  identified,  but  apparently  the  same 
general  type  as  female,  except  as  to  size  and  number  of  exuviae. 

Adult  female:  Long,  oval,  distinctly  robust  or  convex,  0.7  to 
0.9  mm.  broad  by  1  to  1.4  mm.  long;  hyaline  in  balsam  mount; 
anal  plate  broad,  rounded,  in  general  hyaline,  0.32  mm.  broad  by 
0.20  mm.  long;  two  pairs  of  simple  normal  lobes,  median  largest 
and  most  chitinized,  0.012  mm.  in  diameter;  both  lobes  with  two 
minute  shoulders,  often  worn,  and  shoulders  obscure;  some  distance 
beyond  the  second  lobe  is  a  very  low,  rudimentary-,  lobular  projec- 
tion, with  difficulty  distinguished,  terminating  in  a  nipple  or  pointed 
tip;  lateral  teeth  wanting;  incisions  moderate,  normal;  paraphyses 
practically  wanting;  plates  lower  than  lobes,  broad,  many-branched; 
2,  2,  3,  and,  following  the  rudimentary  lateral  lobe,  4  or  5  narrow, 
branched  plates;  spines  very  short  and  inconspicuous;  anal  opening 
large,  circular,  0.2  mm.  in  diameter,  larger  than  a  single  median  lobe 
and  about  two  lobes  distant  from  base  of  lobes;  paragenitals  in  five 
groups,  2-4,  3-3,  3-4;  dorsal  pores  large  and  conspicuous,  in  rows 
counting  from  the  center  as  follows:  3-4,  5-7,  6-7,  with  a  few  addi- 
tional pores  in  obscure  rows  of  2,  3,  or  4  pores  each;  basal  thicken- 
ings represented  by  two  narrow  median  transverse  rods,  and  the 
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widely  separated  oblique  lateral  thickenings;  ventral  thickenings 
normal,  but  slightly  chitinized. 

Type. — Bureau  of  Entomology  No.  14137.  On  Abies  sp.,  im- 
ported by  F.  N.  Meyer,  for  the  Bureau  of  Plant  Industry,  from 
Wu  Tai  Shan,  near  Peking,  China,  received  April  21,  1908. 

Note. — This  insect  occurs  quite  abundantly  on  the  short  leaves 
of  the  Abies.  It  is  closely  allied  to  abietis  Schrank,  but  diverges 
from  the  latter  in  some  easily  recognizable  structural  features.  The 
margin  of  the  anal  segment  beyond  the  second  incision  presents  but 
one  lobular  projection  instead  of  two,  as  is  the  case  with  abietis; 
and,  furthermore,  in  abietis  these  projections  are  more  produced  and 
are  finely  serrate  on  the  oblique  outer  margin. 

ASPIDIOTUS  ( AONIDEELLA )  COCOTIFHAGXJS  n.  sp. 

(Plate  II,  figs.  1,  2.) 

'  Scale  of  female:  Subcircular,  1.6  to  2  mm.  in  diameter;  light  yellow- 
ish brown,  with  a  very  minute  central  white  tubercle;  exuviae  central, 
larval  0.35  mm.  in  diameter;  second  stage,  0.75  mm.  in  diameter. 

Scale  of  male:  Similar  in  color  to  the  female,  oval,  a  little  over  a 
millimeter  long  by  0.7  mm.  wide;  both  male  and  female  secretions 
moderate,  translucent. 

Adult  female:  Subcircular,  1.2  mm.  in  diameter;  the  older  or 
spent  females  with  the  anal  segment  usually  retracted,  giving  a  kidney 
shape  to  the  insect  as  in  aurantii;  the  inflated  cephalo- thoracic  and 
abdominal  segments,  except  the  anal  plate,  are  also  strongly  chiti- 
nized as  in  aurantii;  anal  plate  with  basal  lobules,  0.4  mm.  in  diame- 
ter, but  slightly  chitinized,  rounded;  median  lobes  largest,  chitinized, 
brown,  together  measuring  a  little  less  than  0.04  mm.;  second  and 
third  lobes  much  smaller;  median  lobes  with  two  shoulders;  inna 
shoulder  of  the  second  and  third  lobes  minute,  sometimes  absent  in 
the  case  of  the  third  lobe,  outer  shoulders  distinct;  three  low,  serrated 
areas  beyond  third  incision,  not  always  apparent;  the  posterior  point, 
however,  of  the  first  area  chitinized,  and  sometimes  assuming  the 
form  of  a  rudimentary  third  lateral  lobe;  incisions  normal;  paraphy- 
ses  shorter  than  lobes,  narrow,  the  one  extending  from  the  inner  base 
of  the  median  lobes  most  prominent;  plates  in  median  and  first  and 
second  lateral  incisions  respectively  2 , 2, 3,  in  length  variable,  sometimes 
slightly  exceeding  lobes,  deeply  forked  at  tips;  three  broad  plates  in 
the  third  incision,  oblique  at  apex,  each  terminating  at  the  posterior 
angle  in  a  long  spindle-shaped  tail;  anal  opening  about  the  size  of 
the  first  lateral  lobe  and  about  two  lobes'  length  distant  from  tip; 
paragenitals  0-1,  3-8,  3-5,  scattering;  dorsal  pores  in  two  prominent 
rows,  extending  respectively  from  the  second  and  third  incisions,  of 
6  to  10  pores  each;  there  are  also  some  scattering  lateral  pores;  basal 
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thickenings  slight,  two  short  central  rods  and  a  larger  lateral  rod; 
ventral  thickenings  inconspicuous,  represented  chiefly  by  a  chitinized 
line  on  each  side  below  the  first  lateral  incision. 

Type. — Bureau  of  Entomology  No.  14136.  Massed  on  the  upper 
surface  of  the  leaves  of  cocoanut  (Cocos  nucifera),  Santiago  de  las 
Vegas,  Cuba,  collected  August,  1904,  by  Wm.  T.  Home,  chief  of  the 
department  of  vegetable  pathology  of  the  central  agricultural  experi- 
ment station  of  Cuba.  Also  on  Citrus  trifoliata,  collected  by  Mr. 
Home,  Santiago  de  las  Vegas,  Cuba,  January  13,  1906. 

Note. — This  species  seems  to  be  an  intermediate  one  between 
Aspidiotus  (Aonidiella)  aurantii  and  Aspidiotus  (Chrysomphalus) 
dictyospermi.  It,  however,  differs  distinctly  from  both  of  these  spe- 
cies; from  aurantii  by  notable  differences  in  the  pores,  plates,  and  the 
presence  of  parage  nit  als,  and  homdictyospermi  in  the  shape  of  the  adult 
female  and  of  the  anal  plate,  and  in  the  character  and  shape  of  the 
plates  and  lobes.  In  aurantii  all  the  plates  are  distinctly  subbranched 
and  the  three  broad  plates  of  the  third  incision  have  each  two  promi- 
nent apical  branches  which  are  distinctly  subbranched.  In  dictyo- 
spermi the  anal  plate  is  much  more  produced  and  with  much  longer 
paraphyses,  and  of  the  three  plates  of  the  third  incision  the  two  pos- 
terior have  long,  spindle-shaped  branches,  the  anterior  plate  two 
short  branches.  There  is  a  distinct  difference  also  in  the  shape  of 
the  lobes. 

The  specific  variation  in  point  of  length  of  plates  relative  to  lobes, 
and  size  of  the  lobes,  position  of  the  anal  opening,  etc.,  is  illustrated  in 
the  two  photographs  of  the  anal  segment  shown  on  Plate  II.  The 
upper  figure  is  from  type  material  on  cocoanut  and  the  lower  from 
trifoliate  orange. 

ASPIDIOTTJS  (DIASPIDIOTTJS)  AFRICANTJS  n.  sp. 

(Plate  III,  fig.  1.) 

Scale  of  female:  Dull  opaque  brown,  1.5  mm.  in  diameter;  circular, 
moderately  convex,  with  fairly  prominent  central  nipple,  and  slightly 
annulated  as  in  perjiiciosus;  when  rubbed,  resinous  exuvia^  appear, 
and  when  old  and  massed  the  ashen  appearance  of  pemiciosus  is 
presented. 

Scale  of  male:  About  1  mm.  long,  of  normal  type. 

Adult  female:  1  mm.  long,  oval.  Anal  plate  0.32  mm.  broad  at 
base  by  0.2  mm.  long,  normal,  not  produced.  Median  lobes  like 
those  of  ancylu8f  slightly  converging  toward  tip;  inner  notch  prac- 
tically wanting;  lateral  lobes  wanting  or  rudimentary,  as  in  the  case 
of  ancylus;  two  distinct  lateral  incisions;  paraphyses  of  first  incision 
heavy,  subequal,  inner  slightly  largest;  paraphyses  of  second  incision 
much  smaller;  minute  but  distinct  paraphyses  also  are  seen  at  the 
inner  base  of  the  median  lobes;  plates  minute,  inconspicuous;  spines 


16  PAPERS   ON    COCCID.E   OR   SCALE   INSECTS. 

rather  strongly  developed;  anal  opening  circular,  near  tip;  parageni- 
tals  often  wanting;  if  present,  represented  by  from  1  to  3  glands  only; 
dorsal  pores  few,  scattering;  transverse  basal  thickenings  well  devel- 
oped, laterals  separated  from  the  central  line  and  robust;  apical 
ventral  chitinization  rather  strongly  developed,  brown;  ventral 
longitudinal  ridges  feebly  developed. 

Type. — Bureau  of  Entomology  No.  14121. 

Material  studied:  Original  lot  from  Bloemfontein,  South  Africa, 
December,  1907,  from  the  Hon.  W.  J.  Palmer,  director  of  agriculture, 
Orange  River  Colony.  Food  plants  represented:  Gleditsia  triacan- 
thos,  Schinus  molle,  fig  (two  samples),  almond,  and  quince.  This 
material  was  abundantly  parasitized,  but  none  of  the  parasites  was 
obtainable  for  identification.  Specimens  on  Gleditsia  triacanthos  are 
followed  in  description,  except  as  to  note  on  paragenitals. 

Additional  lot  from  Charles  P.  Lounsbury,  government  entomolo- 
gist, Cape  Colony,  with  letter  of  January  29,  1908,  representing  mate- 
rial on  pear,  Hex  River,  Cape  Colony;  Kieffer  pear,  Prospect  Farm, 
Komgha  (east  of  Cape  Colony) ;  fig,  Paarl,  Cape  Colony,  and  fig  and 
privet  from  Bloemfontein. 

The  original  lot,  received  through  the  Hon.  W.  J.  Palmer,  was  sub- 
mitted under  the  supposition  that  the  insect  might  prove  to  be  the 
San  Jose  scale  (Aspidiotus  perniciosus  Comst.),  and  with  the  request 
that  an  authoritative  determination  be  cabled  to  Bloemfontein.  The 
insect  proved  to  be  entirely  distinct  from  perniciosus,  and  evidently  an 
undescribed  species  native  to  South  Africa.  The  general  appearance 
of  the  scale  and  insect  is  strikingly  close  to  the  San  Jose  scale.  Even 
the  anal  plate  bears  a  close  resemblance  to  the  San  Jose  scale,  but 
lacks  the  second  pair  of  lobes  and  presents  some  other  minor  differ- 
ences. In  the  specimens  examined  of  the  first  lot  paragenitals  also 
seemed  to  be  entirely  wanting,  although  later,  in  the  case  of  three 
specimens,  scattering  pores  were  found,  in  some  instances  rudimentary. 

The  fact  that  the  insect  is  distinct  from  the  San  Jose  scale  was 
cabled  to  Mr.  Palmer,  and  a  letter  giving  details  was  sent.  Before  the 
receipt  of  this  cablegram  the  entomologists  of  South  Africa,  viz,  Mr. 
Charles  P.  Lounsbury,  Cape  Colony;  Claude  Fuller,  Natal;  C.  W. 
Howard,  Transvaal,  and  IT.  Neethling,  biologist,  Orange  River 
Colony,  had  held  a  conference  at  Bloemfontein  and  arrived  at  the  con- 
elusion  that  the  South  African  insect  was  distinct  from  perniciosus. 

The  original  information  given  by  Mr.  Palmer  concerning  the  food 
habits  of  this  insect  is  as  follows: 

In  the  first  place  the  worst  infestations  met  with  thus  far  occur  on  the  mimosa 
(Acacia  horrida),  acacia  (Robinia  pscudacacia) ,  pepper  (Schinus  molle),  and  fig;  whereas 
pear,  pecan,  and  apple  trees  growing  in  the  worst  infested  spots  have  either  not  been 
attacked  at  all.  or  only  to  a  very  slight  extent.  The  distribution  over  such  a  large 
area  as  it  has  already  spread  shows  that  it  must  have  occurred  here  for  a  period  of  at 
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least  several  years,  but,  in  spite  of  careful  search,  no  tree  has  been  found  so  badly 
attacked  that  its  life  is  threatened;  no  tree  has  been  found  to  have  actually  succumbed 
to  its  attack. 

The  scale  is  apparently  kept  in  check  by  an  insect  enemy,  although  up  to  the  present 
no  parasites  have  actually  been  discovered.  In  other  countries  where  the  scale  has 
become  established,  it  can  hardly  be  said  to  be  kept  down  by  its  parasites. 

In  letter  of  February  3,  1908,  transmitting  the  report  of  the  confer- 
ence of  entomologists  at  Bloemfontein,  Mr.  Neethling  states  that  since 
the  discovery  of  the  insect  it  has  become  very  destructive  to  some 
cultivated  plants,  notably  the  fig  and  privet.  The  list  of  plants  which 
it  has  been  found  to  infest,  given  in  the  report  referred  to,  includes  the 
following : 

Privet Abundantly  infested. 

Fig Do. 

Honey  locust  (Gleditsia  iriaranthos  > Do. 

Pepper  (Schinus  molle  \ Do. 

Apricot Sparsely  infested. 

Quince Do. 

Apple Very  rarely  and  sparsely  infested. 

Acacia  horrida More  or  less  abundantly  infested. 

Robinia  pseudacacia Sparsely  infested. 

Rhus  sp Do. 

Mr.  Lounsbury's  communication  of  January  29,  with  accompany- 
ing specimens,  gives  further  interesting  information  relative  to  the 
insect,  and  considerably  extends  its  range  in  South  Africa,  as  already 
noted.  He  adds  two  new  food  plants  for  Bloemfontein,  namely, 
willow  and  poplar.  He  had  also  found,  in  the  material  which  he 
had  studied,  particularly  in  that  from  South  Africa  and  more  rarely 
in  some  of  the  Bloemfontein  samples,  scattering  paragenitals.  Fol- 
lowing his  suggestion  the  writer  gave  a  second  and  most  careful 
scrutiny  to  all  the  material,  with  the  results  in  the  matter  of  para- 
genitals and  other  features  indicated  in  the  concluding  notes  descrip- 
tive of  all  the  material.     Mr.  Lounsbury  states: 

I  have  known  the  occurrence  on  the  pear  for  some  years  and  suspect  that  the  infes- 
tation went  with  nursery  stock  sent  out  years  ago  by  a  certain  nurseryman.  But  we 
have  failed  to  find  the  scale  on  his  place  and  have  come  to  think  that  it  might  have 
been  imported  by  him  with  French  stocks  before  the  days  when  we  fumigated  such 
and  that  it  has  since  been  eliminated.  In  our  notes  we  have  entered  the  species  as 
14 near  ancylus"  and  "near  perniciosus"  but  the  possibility  of  it  being  the  one  at 
Bloemfontein  incorrectly  identified  as  perniciosus  did  not  occur  to  me  until  I  received 
material  of  the  latter.  I  have  not  seen  the  species  away  from  orchards  or  habita- 
tions, but  some  Orange  River  Colony  material  was  found  on  Rhus  and  mimosa  (native 
plants)  under  circumstances  suggestive  of  its  being  indigenous.  The  pear  occurrence 
at  Komgha  (east  of  Cape  Colony)  was  on  a  few  trees  in  one  orchard,  and  cutting  them 
out  seems  to  have  proved  eradicative.  A  few  branches  were  heavily  incrusted. 
The  one  at  Hex  River  (only  125  miles  from  here)  is  also  in  one  orchard  only,  so  far 
as  I  know,  and  here  some  dozens  of  trees  show  the  injury  by  the  death  of  inside  wood 
and  spotting  of  fruit.     I  can  not  compare  the  species  with  perniciosus  for  perniciousness. 
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The  fact  that  tliis  insect  occurs  on  native  plants,  as  indicated  by- 
Mr.  Lounsbury,  and  also  that  it  is  rather  abundantly  parasitized, 
further  emphasizes  the  probability  that  it  is  an  indigenous  species. 
Some  descriptive  notes  of  the  different  lots  of  material  follow: 

Original  material  received  from  W.  J.  Palmer,  Bloemfonteirf  (letter 
of  November  4,  1907): 

(1)  On  Gleditsia  triacanthos:  Type  of  description. 

(2)  On  Schinus  molle  (pepper  tree):  Typical,  except  for  a  slightly 
more  prominent  development  of  dorsal  pores,  and  a  much  lighter 
coloring  of  the  scale  secretion.  When  occurring  on  this  food  plant 
the  scale  is  light  yellowish  brown,  almost  buff,  but  otherwise  normal. 
Such  variation  in  coloring  is  sometimes  seen  in  the  San  Jose  scale, 
and  may  be  due  purely  to  the  food  plant. 

(3)  On  fig:  Typical,  save  for  a  single  anterior  lateral  circumgenital 
gland  in  two  females  out  of  eight  examined. 

(4)  On  almond:  Typical,  save  for  two  rudimentary  glands  in  one 
specimen.  These  glands  in  the  specimens  on  fig  and  almond  were 
not  noted  in  the  first  examination. 

(5)  On  quince:  Typical. 

Material  received  from  Charles  P.  Lounsbury  (letter  of  January  29, 
1908  V. 

(1)  On  pear,  Hex  River,  Cape  Colony,  November  17,  1907,  three 
females:  Typical,  except  that  they  show  scattering  paragenitals,  as 
follows : 


0 

0 

0 

0 

0 

0 

0 

2-1 

0-0 

0-1 

1-2 

3-2 

1-1 

0-0 

1-2 

1-1 

1-0 

1-1 

1-1 

1-1 

0-0 

Scales  reddish  brown,  with  nipple  and  ring  as  in  perniciosns;  when 
rubbed,  exposing  exuvia  as  in  pemiciosiAS. 

(2)  On  Kieffer  pear,  Prospect  Farm,  Komgha  (east  of  Cape  Col- 
ony), September,  1905:  Scale  similar  to  last,  but  with  central  nipple 
and  ring  less  prominent;  pygidium  rather  produced  or  triangular; 
dorsal  pores  numerous  and  prominent,  arranged  in  two  or  more  irreg- 
ular rows  on  each  side,  the  first  extending  from  the  second  incision. 
Paragenitals: 

ooioo 


0_Q 

2-4 

o_o 

2-1 

1-1 

9_'> 

2-2 

0_9 

o_o 

1-2 

(3)  On  fig,  Paarl,  Cape  Colony,  November  S,  1907;  11  females 
examined:  Typical  in  character  of  dorsal  pores.  Paragenitals  absent 
or  very  few.  Color  of  scales  modified  by  the  reddish-brown  super- 
ficial layers  of  the  bark  which  are  carried  over  the  scale;  evidently 
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approximating  the  color  of  the  scales  of  the  other  specimens.     Para- 
genitals  : 


0 

0 

0 

0-0  (two  specimens). 

2-1 

1-0 

0-]  (three  specimens). 

0-0 

2-1 

0-0 

0-0 

0 

0 

0 

1-1 

1-0 

1-1  (two 

specimens). 

1-0 

1-3 

1-1 

(4)  On  fig,  Bloemfontein,  November  29,  1907:  Substantially  typ- 
ical, one  specimen  out  of  six  exhibiting  two  paragenital  glands, 
namely,  one  each  of  posterior  laterals;  with  the  other  five  specimens 
no  glands  present.     Mounted  material  only. 

(5)  On  privet,  Bloemfontein,  October,  1907:  Typical,  except  for 
the  presence  of  scattering  paragenitals  as  follows: 


0 

0 

1-2 

3-3 

1-1 

2-2 

Slide  mount  only,  showing  two  females. 

All  of  this  material  evidently  belongs  to  the  same  species.  The 
five  lots  originally  studied  show  practically  no  paragenital  glands, 
also  general  uniformity  in  dorsal  pores,  except  in  the  case  of  speci- 
mens on  pepper  tree. 

In  all  the  later  material  received  from  Mr.  Lounsbury  scattering 
paragenital  glands  are  found  in  most  of  the  individuals  examined. 
The  specimens  on  fig  from  Cape  Colony  and  Bloemfontein  show  a 
general  absence  of  these  glands,  or,  if  present,  represented  mostly  by 
single  glands.  In  the  case  of  the  other  food  plants,  both  from  Cape 
Colony  and  from  Bloemfontein,  the  paragenitals  are  very  scattering, 
with  one  or  more  groups  often  entirely  wanting.  Taking  the  reason- 
able supposition  that  all  this  material  represents  the  same  species — 
and  there  seems  to  be  no  occasion  to  doubt  this  judgment — we  have 
evidently  a  case  of  a  species  either  in  a  transition  stage,  in  the  matter 
of  the  presence  or  absence  of  paragenitals,  or  slightly  variable  in  this 
feature.  The  paragenital  glands  are  developed  only  in  the  adult 
stage  of  the  female,  and  it  has  long  been  the  belief  of  the  writer  that 
they  can  not  be  given  very  much  specific  importance.  They  are 
always  subject  to  considerable  variation,  and  future  studies  may 
prove  that,  in  certain  instances  where  species  have  been  separated 
chiefly  on  the  presence  or  absence  of  these  glands,  the  separation  is 
not  justified,  as  possibly  illustrated  in  the  case  of  latanise  and  camellise. 
In  the  matter  of  dorsal  pores,  the  specimens  on  KieiTer  pear,  Cape 
Colony,  show  a  rather  unusual  development,  and  the  pygidium  in  the 
examples  studied  is  rather  more  produced  or  triangular;  otherwise 
the  agreement  is  close.     Some  slight  variation  in  the  number  of  dor- 
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sal  pores  is  seen  in  other  specimens,  notably  in  the  case  of  the  pepper 
specimens  already  referred  to.  This  greater  development  in  the 
number  of  dorsal  pores  is  not  a  character  of  great  importance,  and 
much  variation  in  this  respect  is  seen  in  other  species.  The  abund- 
ance of  dorsal  pores  seems  to  be  governed  to  some  extent  by  climatic 
conditions,  a  marked  increase  being  often  noted  in  specimens  from 
arid  districts. 

The  discovery  of  scattering  paragenitals  brings  this  species  into 
close  relationship  with  the  ancylus  native  to  North  America,  and 
places  it  in  a  group  of  species  hitherto  especially  characteristic  of  the 
New  World.  It  is  interesting  to  note  also  that  a  related  but  a  much 
more  strongly  chitinized  species,  lacking  paragenitals,  has  been  re- 
cently received  from  Transcaspian  Russia.  We  know  too  little  of  the 
scale-insect  fauna  of  Asia  and  Africa  to  be  able  to  generalize  as  to 

what  types  of  species  are  likely  to  be  met  with. 

» 

ASPIDIOTTJS  (DIASPIDIOTUS)  COXJRSETLB  n.  sp. 

(Plate  III,  fig.  2.) 

Scale  of  female:  1.5  mm.  in  diameter,  nearly  circular,  of  medium 
density,  depressed;  color  grayish,  more  or  less  soiled  by  adhering 
extraneous  matter;  exuviae  sublateral,  covered. 

Scale  of  male:  Similar,  of  normal  shape. 

Adult  female:  Length  less  than  1  mm.,  of  normal  peg-top  shape,  not 
chitinized ;  anal  plate  slightly  more  chitinized  than  body  except  for 
lobes  and  apical  and  basal  thickenings;  median  lobes  only  present; 
laterals  obsolete  as  in  ancylus;  outer  shoulder  of  median  lobes 
prominent,  inner  shoulder  minute,  sometimes  practically  wanting; 
paraphyses  of  two  incisions  beyond  lobes  strongly  developed;  inner 
paraphyses  of  first  incision  terminating  in  a  distinct  oval  knob  lying 
at  right  angles  to  the  line  of  the  thickening;  spines  normal,  fairly 
long;  anal  opening  very  minute  and  in  line  with  the  knobbed  termi- 
nals of  the  inner  paraphyses  of  first  incision.  Paragenitals:  Anterior 
laterals,  1-3;  posterior  laterals,  0-1;  dorsal  pores  few  in  number, 
inconspicuous ;  transverse  basal  thickenings  of  dorsal  surface  in  three 
parts,  consisting  of  a  long,  straight  central  line,  sometimes  broken  at 
middle,  and  two  stronger  lateral  thickenings  in  the  form  of  a  double 
curve.  The  ventral  apical  divaricating  chitinized  bands  broad  and 
undivided. 

Type. — Bureau  of  Entomology  No.  14002.  On  Coursetia  glandvr 
losa,  Hermosillo,  Mexico;  collected  by  Albert  Koebele  April  23  and 
24,  1897  (Koebele  No.  type  material,  1713). 

Note. — This  species  is  closely  allied  to  Aspidiotus  subsimilis  Ckll. 
The  latter  differs  in  having  a  more  produced  pygidium  and  lobes,  the 
latter  without  inner  shoulder,  anus  midway  of  first  thickening, 
paragenitals  absent,  and  in  minor  characters.  This  species  is 
scarcelv  more  than  a  varietv  of  subsimilis. 
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ASPEDIOTUS  (DIASPIDIOTUS)  TRANSCASPIENSIS  n.  sp. 

(Plate  IV,  fig.  1.) 

Scale  of  female:  1.5  mm.  in  diameter,  subcircular,  of  a  yellowish 
or  buff  color.     Exuviae  orange,  exposed  when  rubbed  or  old. 

Scale  of  male:  Of  normal  oval  shape,  similar  in  color  to  the  female. 

Adult  female:  Broad,  oval,  1  mm.  in  length;  anal  plate  broad, 
rounded;  median  lobes  only  represented;  laterals  wanting  or  rudi- 
mentary as  in  the  case  of  ancylus;  median  lobes  strongly  chitinized, 
with  very  deep  outer  notch  forming  a  rather  distinct  lobule;  inner 
notch  wanting;  the  two  lateral  incisions  shallow,  broad,  and  with 
very  heavy,  robust,  bordering  paraphyses  or  thickenings;  paraphyses 
of  first  incision  particularly  large,  especially  the  inner  one ;  of  second 
incision,  much  smaller;  plates  inconspicuous;  spines  not  especially 
developed,  normal;  anal  opening  near  tip,  very  minute;  paragenitals 
wanting;  dorsal  pores  few,  inconspicuous,  scattering;  median  line  of 
basal  thickenings  subhy aline, inconspicuous;  laterals  narrow,  well  chit- 
inized ;  two  prominent  longitudinal  thickenings  bordering  the  center 
of  the  pygidium;  ventral  thickenings  normal,  well  chitinized. 

Type. — Bureau  of  Entomology  No.  8216.  On  some  old  dried  bark 
of  Populus,  from  Transcaspian  Russia,  supposed  to  be  from  C.  Ahnger, 
of  Ashkabad,  received  November,  1898. 

In  its  rudimentary  second  and  third  lobes  this  species  is  related 
to  ancylus.  The  important  characters  are  the  strongly  chitinized 
median  lobes,  with  prominent  external  lobule  and  the  prominent 
longitudinal  thickenings,  and  the  absence  of  paragenitals.  In  the 
latter  character  it  falls  with  the  South  African  species  africanus,  which, 
however,  it  does  not  otherwise  closely  resemble. 

ASPEDIOTUS  (HEMIBERLESIA)  EPIGAJB  n.  sp. 

(Plate  IV,  fig.  2.) 

Scale  of  female:  1.5  mm.  in  diameter,  subcircular,  elevated,  more 
or  less  conical;  exuvia  covered  but  showing  as  a  yellowish  spot; 
larval  excretion  persistent  as  a  central  nipple ;  color  gray,  often  with 
purplish  tinge,  more  or  less  annulated  with  lighter. 

Scale  of  male:  Normal  shape,  otherwise  resembling  the  female. 

Adult  female:  0.6  to  0.7  mm.  wide  by  0.9  mm.  long;  normal  peg-top 
shape,  hyaline  in  balsam  mount;  anal  plate  0.30  to  0.34  mm.  in 
diameter  at  base,  rounded,  nearly  hyaline ;  two  pairs  of  well-developed 
lobes  with  sometimes  a  rudimentary  third  spear-shaped  lobe ;  median 
lobes  much  larger  than  second  pair  and  strongly  chitinized,  brown> 
the  chitinization  ending  abruptly  at  base,  not  extending  into  segment 
except  slightly  at  inner  side,  giving  the  base  a  somewhat  irregular 
oblique  termination;  median  and  second  pairs  of  lobes  with  two 
subequal  small  notches;  second  pair  of  lobes,  and  third,  if  present, 
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practically  hyaline;  median  pair  of  lobes  together  0.036  mm.  in 
diameter;  incisions  normal;  paraphyses  nearly  wanting,  represented 
by  mere  points  of  chitinization;  plates  very  little  exceeding  lobes, 
not  very  strongly  developed  but  of  the  general  Hemiberlesia  type,  two 
median  narrow,  two  broader  first  notch,  then  three  broad  followed  by 
two  or  three  simple  plates,  all  plates  save  last  being  fingered  at  tips ; 
spines  normal ;  anal  opening  large,  nearly  equaling  in  size  one  median 
lobe,  one  and  one-half  lobe's  length  distant  from  base  of  median  lobes ; 
paragenitals  scattering,  linearly  arranged,  0-1,  4-7,  4-6;  dorsal  pores 
very  few,  scattering;  basal  thickenings  not  prominent,  but  slightly 
chitinized,  divaricated  ventral  thickenings  not  extending  beyond  anal 
opening. 

Type. — Bureau  of  Entomology  No.  14135,  on  the  ground  laurel 
or  trailing  arbutus  (Epigaea  repem),  Chain  Bridge,  Va.  (near  Wash- 
ington, D.  C),  collected  by  J.  G.  Sanders,  May  6,  1906.  Collected 
also  on  the  same  food  plant,  Sugar  Grove,  Ohio,  by  Bertha  C.  Hite, 
and  donated  by  Mr.  J.  G.  Sanders. 

Note. — This  species  is  evidently  related  to  latanix  of  Signoret,  but 
is  a  smaller  species  and  differs  in  the  notable  and  peculiar  chitiniza- 
tion of  the  median  lobes.  It  presents  considerable  variation,  some  of 
the  smaller  or  incompletely  developed  specimens  of  the  last  stage  of 
the  female  showing  less  chitinization  and  approaching  rather  closely 
in  superficial  appearance  to  townsendi,  and  it  might  easily  be  deter- 
mined as  this  latter  species.  Its  host-plant  and  occurrence  in  wood- 
lands indicate  that  it  is  a  species  native  to  North  America. 

ASPIDIOTUS  (HEMIBERLESIA)  MITCHELLI  n.  sp. 

(Plate  V,  fig.  1.) 

Scale  of  female:  Length,  1.5  mm.;  subcircular  to  broad  oval, 
strongly  convex,  and  of  the  general  cameffije  type;  secretionary  mat- 
ter rather  dense,  color  dull  yellowish,  due  chiefly  to  the  extraneous 
matter  taken  up  from  the  surface;  exuviae  yellowish  brown,  near  the 
anterior  end  usually  covered.  Ventral  scale  a  distinct  wrhite  floccu- 
lent  patch,  thinnest  at  the  center. 

Scale  of  male:  Similar  in  general  appearance  to  that  of  the  female, 
but  of  the  normal  elongate  shape. 

Adult  female:  Normal  top-shaped,  0.75  mm.  in  diameter;  in  bal- 
sam hyaline;  anal  plate  a  little  more  yellowed  than  body,  broad,  not 
produced;  three  pairs  of  lobes;  median  lobes  truncate,  not  converg- 
ing, with  two  lateral  shoulders,  separated  by  a  lobe's  width,  relatively 
much  smaller  than  the  lobes  of  camellise;  second  lobe  minute,  spear- 
shaped,  often  with  outer  lateral  shoulder;  third  lobe  narrow,  spini- 
form;  thickenings  of  first  and  second  incisions  present,  subequal,  and 
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together  with  lobes  a  little  more  yellow  than  the  pygidium,  but  not 
strongly  chitinized ;  plates  numerous,  long,  filiform,  central  ones  sim- 
ply branched;  spines  short,  inconspicuous;  basal  dorsal  thickenings 
not  strongly  developed  or  chitinized ;  anal  opening  much  larger  than 
median  lobes,  broad  oval,  about  one  lobe's  length  from  tip;  paragen- 
ital  pores  wanting;  dorsal  pores  not  numerous  or  conspicuous,  but 
with  very  long  (one-half  width  of  pygidium)  internal  tubes;  ventral 
thickening  of  integument  extending  from  median  lobes  practically 
w  anting. 

type. — Bureau  of  Entomology  No.  7695.  On  thick,  narrow, 
slightly  oblanceolate  leaves  about  1J  inches  long;  collected  by  Mr. 
Charles  P.  Lounsbury,  at  Mitchells  Pass,  South  Africa,  January  29, 
1897. 

Note. — This  species,  in  character  of  scale  and  last  segment,  is  dis- 
tinctly a  Hemiberlesia.  The  anal  opening  is  relatively  as  large  as  in 
camettix,  but  the  median  lobes  are  much  smaller,  and  the  chitinization 
of  the  last  segment  is  distinctly  less  than  in  camettise.  The  scale 
occurred  scatteringly  on  both  surfaces  of  the  leaves. 

ASPEDIOTTJS  (HEMIBERLESIA)  POPTJLARUM  n.  sp. 

(Plato  V,  %.  2.) 

Scale  of  female:  Length,  2  mm.;  broad  oval,  of  the  camettise  type; 
strongly  convex;  exuviae  near  the  anterior  end,  dark  brown,  the 
larval  exuvia  nearly  black,  normally  covered;  secretionary  matter 
yellowish  white,  very  dense. 

Scale  of  male:  Length,  1  to  1.5  mm.;  of  the  normal  oval  shape,  with 
the  larval  exuvia  showing  prominently  at  one  end  through  scanty 
secretionary  covering. 

Adult  female:  Normal  top-shaped,  in  balsam  hyaline;  1.5  mm.  in 
diameter;  anal  plate  broad,  rounded,  tip  slightly  more  yellowed  than 
the  body;  median  lobes  large,  close  together,  slightly  converging,  and 
with  two  distinct  lateral  shoulders,  often  lost  in  old  worn  specimens; 
second  and  third  lobes  of  ancylus  type  or  practically  wanting;  thick- 
enings of  first  and  second  incision  prominent,  subequal;  plates  rather 
short  and  inconspicuous,  doubtless  partly  lost  or  reduced  by  age  and 
use;  spines  normal;  anus  very  large,  broad  oval,  distinctly  larger  as  a 
rule  than  median  lobes;  paragenitals  in  four  groups,  anterior  groups 
3-9,  posterior  groups  3-8,  often  nearly  continuous;  dorsal  pores  very 
numerous,  chiefly  confined  to  two  irregular  double  lateral  rows  extend- 
ing from  the  second  incision,  and  a  third  inconspicuous  incision;  basal 
dorsal  thickening  linear,  not  especially  prominent. 

Type. — Bureau  of  Entomology  No.  8370.  On  Cottonwood,  from 
Deming,  N.  Mex.,  through  Prof.  T.  D.  A.  Cockerell,  February  9, 1897. 
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Additional  specimens,  also  on  cottonwood,  received  from  Professor 
Cockerell  from  Phoenix,  Ariz.,  November  2,  1899. 

Note. — This  species  is  very  closely  allied  to  cameUise  and  latanix. 
In  the  possession  of  paragenital  pores  it  comes  nearest  to  the  latter 
species.  It  differs  notably  in  the  great  development  of  the  dorsal 
pores,  which  seems  to  be  a  common  characteristic  of  scale  insects  in 
very  dry  climates,  and  in  the  sparsity  and  shortness  of  the  plates.  It 
is,  furthermore,  a  rather  larger  species  than  either  of  the  two  men- 
tioned. 

AONIDIA  JTJNIPEBI  n.  sp. 

(Plate  VI,  fig.  1.) 

Scale  of  female:  Thin,  whitish,  slightly  tinged  with  yellow,  1  mm. 
in  diameter,  circular  in  outline,  slightly  convex.  First  exuvia  very 
light  yellow,  easily  lost,  showing  the  much  darker  second  stage  as  a 
circular  central  spot  through  the  opening.  Second  exuvia  very  large, 
dark  resinous,  almost  reddish,  strongly  chitinized  and  inclosing  the 
adult  female,  which  can  be  easily  removed  through  the  much  thinner 
and  delicate  ventral  skin  of  this  stage. 

Scale  of  male:  Unusually  large,  oval,  as  large  as  the  second  exuvia 
of  the  female.     Coloration  and  texture  as  in  female. 

Adult  female:  A  little  more  than  half  a  millimeter  in  diameter 
(0.54),  of  normal  peg-top  shape,  not  elongated  nor  chitinized.  Anal 
plate,  0.20  mm.  broad  by  0.14  mm.  long;  scarcely  chitinized,  sub- 
hyaline;  two  small  apical,  nearly  contiguous  lobes,  laterals  wanting; 
lateral  teeth  wranting  save  as  produced  by  the  indentations  containing 
the  large  peripheral  dorsal  pores,  which  form,  especially  toward  the 
apex,  distinct  incisions;  paraphyses  and  plates  wanting;  spines 
minute;  anal  opening  remote  from  tip;  paragenitals  wanting;  dorsal 
pores  represented  by  a  large  central  pore  lying  between  the  base  of  the 
apical  lobes  and  five  large  lateral  pores  along  the  periphery  of  either 
side;  some  few  other  pores  present,  but  inconspicuous;  ventral  thick- 
ening inconspicuous  save  the  uniform  slight  chitinization  of  the 
pygidium. 

Type. — Bureau  of  Entomology  No.  14123.  On  the  fruit  of  Juni- 
perus  sp.;  from  E.  G.  Titus,  Logan,  Utah. 

This  species  belongs  to  the  genus  Aonulia,  and  is  ovo-viviparous, 
the  bodies  of  the  females  examined  being  filled  with  young  ready  for 
emergence. 

ASPIDIOTUS  .  TARGIONIA )  CHENOPODII  n.  sp. 

(Plate  VI,  Jijr.  2.) 

Scale  of  female:  1.5  to  2  mm.  in  diameter,  subcircular,  convex;  light 
buff  in  color,  the  secretion  covering  the  larval  exuvia  wrhitish;  with 
the  loss  of  the  larval  exuvia,  the  light-orange  second  exuvia  appears 
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as  a  conspicuous  spot;  ventral  scale  attached  to  the  bark,  white, 
rather  abundant. 

Scale  of  male:  Elongate,  sides  nearly  parallel ;  length  1  mm.,  some- 
times slightly  more ;  same  general  characters  as  the  female,  except 
that  the  lower  secretion  remains  attached  to  the  upper,  forming  a 
definite  flattish  sac  or  cocoon  which  easily  separates  from  the  plant. 

Adult  female:  Nearly  circular,  1.3  mm.  wide  by  1.5  mm.  long  in  the 
larger  specimens;  hyaline,  except  anal  plate;  parastigmatic  glands 
wanting.  Anal  plate  about  0.4  mm.  in  diameter,  normally  shaped, 
but  slightly  chitinized;  a  single  pair  of  rather  contiguous  narrow 
median  lobes,  chitinized,  brown,  with  a  more  or  less  distinct  basal 
chitinized  prolongation;  lobes  oblique  at  tip,  with  a  produced  inner 
apical  angle,  closely  reproducing  the  characteristics  of  the  same  lobes 
of  dearnessi;  second  and  third  lobes  represented  by  mere  projections; 
lateral  teeth  represented  by  the  projections  just  referred  to,  which  are 
homologous  with  the  second  and  third  lobes,  and  by  a  minute  general 
serration  of  the  edge  of  the  anal  plate ;  first  incision  deep  and  contain- 
ing two  short  but  easily  distinguishable  plates;  second  and  third 
incisions  minute;  paraphyses  wanting;  plates,  except  in  first  incision, 
as  noted,  minute  or  wanting;  spines  normal ;  anal  opening  large,  oval, 
one-third  from  tip;  paragenitals  wanting;  dorsal  pores  minute  and 
inconspicuous;  basal  thickenings  inconspicuous  or  wanting;  ventral 
thickenings  not  showing  more  than  the  generally  suffused  chitiniza- 
tion  of  the  anal  plate,  the  longitudinal  thickenings  distinctly  inclosing 
the  oval  vaginal  area. 

Type. — Bureau  of  Entomology  No.  14143.  Coolabah,  New  South 
Wales,  on  Ohenopodium;  collector,  J.  G.  Smith. 

Note. — This  species  is  very  close  structurally  to  dearnessi  Ckll.,  but 
is  much  less  chitinized.  The  prominent  median  lobes  are  almost  ex- 
actly* like  those  of  dearnessi.  The  latter  species,  however,  has  five 
prominent  lateral  projections  instead  of  the  two  inconspicuous  ones 
exhibited  by  chenopodii.  The  dorsal  pores  of  chenopodii  are  much 
less  conspicuous  than  in  the  case  of  dearnessi;  the  first  incision  is 
deep,  the  plates  in  this  incision  are  larger  and  more  distinct,  and  there 
are  other  minor  differences  which,  taken  together  with  the  wide 
separation  geographically  and  the  different  food  plants,  perhaps 
warrant  giving  a  specific  name  to  the  New  South  Wales  material. 

CHIONASPIS  MICROPORI  n.  sp. 

(Plate  VII,  fig.  1.) 

Scale  of  female:  2.5  mm.  long,  of  the  normal  shape,  expanding  pos- 
teriorly, usually  more  or  less  curved;  secretion  white,  smooth,  and 
dense;  with  distinct  ventral  scale. 

Scale  of  male:  About  1  mm.  in  length,  normally  shaped,  with  dis- 
tinct median  carina. 

46797—08 2 


26  PAPERS   ON    COCCIDJE   OR   SCALE   INSECTS. 

Adult  female  (dried  specimens):  Dark  purple,  with  the  eggs  or 
young  also  dark  purple;  length  0.9  to  1  mm.;  breadth  at  widest 
part  0.4  to  0.5  mm.,  of  normal  Chionaspis  type,  tapering  anteriorly; 
body  nearly  hyaline;  parastigmal  glands  variable,  sometimes  as 
many  as  9.  Anal  plate  broader  than  long,  0.26  by  0.38  mm.;  in 
older  specimens  distinctly  and  generally  chitinized  and  brown,  nearly 
hyaline  in  recently  matured  females;  median  lobes  touching  at  base 
and  widely  divaricating  toward  tips;  latter  rounded.  Inner  lobe  of 
first  lateral  pair  one-half  width  of  median;  outer  lobes,  same  pair, 
very  short  and  much  smaller;  second  lateral  pair  represented  by  the 
inner  lobe  only,  which  is  similar  to  the  same  lobe  of  the -first  lateral 
pair;  outer  lobe  apparently  practically  wanting;  lateral  lobes  directed 
distinctly  toward  apex  of  segment;  lateral  teeth  represented  only 
by  the  projections  laterad  of  the  large  oblique  marginal  glands; 
incisions  inconspicuous;  paraphyses  wanting;  plate 5,  including  the 
median,  2,  2,  2,  2,  4-5;  spines  normal;  anal  opening  one-third  or  less 
from  base,  circular,  about  the  diameter  of  the  first  lateral  lobe;  para- 
genitals  12-13,  20-29,  18-22;  oblique  marginal  pores  1,  2,  2,  2;  dorsal 
pores  small,  nearly  circular;  inner  row  or  group  next  to  paragenitals 
7-9;  irregular  row  extending  from  third  incision,  more  or  less  in  two 
groups,  of  some  15  pores  altogether;  followed  by  an  exterior  row  of 
some  12  pores,  number  of  pores,  however,  variable;  basal  thicken- 
ings inconspicuous  or  wanting;  ventral  thickenings  the  suffused 
chitinization  of  the  anal  plate  already  noted,  slightly  heavier  below 
median  lobes. 

Type. — Bureau  of  Entomology  No.  14144.  Collected  on  poplar, 
probably  Populus  tremula,  at  Wu  Tai  Shan,  Shansi,  China,  by  F.  X. 
Mever.     Received  Februarv  26,  1908. 

LEUCASPIS  INDICA  n.  sp.  v 

(Plate  VII,  fig.  2.» 

Bcale  of  female:  White,  elongate,  narrow,  convex,  flattened  at  tip, 
teasilv  falling  from  the  insect  beneath. 

Seale  of  male:  Not  noted. 

Adult  fi Utah:  Entirely  inclosed  within  the  swollen,  strongly  chiti- 
nized second  stage,  latter  0.5  to  0.6  mm.  long,  elongate  oval,  dark 
reddish  brown.  Adult  female  hyaline,  elongate,  sides  subparallel. 
Anal  plate  very  minute,  about  0.1  mm.  in  diameter,  rounded,  longi- 
tudinally striate.  Margin  with  a  series  of  elongate  plate-like  proc- 
esses; lobes,  incisions,  and  paraphyses  wanting.  The  processes 
referred  to  are  truncate  or  slightly  spatulate  at  tip,  and  are  of  two 
lengths;  the  long  ones  are  the  second,  fifth,  and  ninth  from  the  cen- 
ter and  are  homologous  to  the  lobes  of  other  species;  between  the 
median  long  pair  is  a  central  short  pair,  then  beyond  the  first  long 
plate  two  other  short  ones,  and  beyond  the  second  long  plate  three 


Fig.  2—  Lejcaspis  indica. 
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short  ones,  and  beyond  the  third  three  short  ones.  The  marginal 
spines  are  normal,  and  within  these  is  a  submarginal  row  of  short 
spines;  anal  opening  large,  nearer  base  than  tip  of  segment;  parageni- 
tals,  dorsal  pores,  and  basal  and  ventral  thickenings  wanting. 

The  5  or  6  abdominal  segments  preceding  the  anal  plate  are  very 
narrow,  rather  sharply  defined,  and  covered  with  cross  or  longitudi- 
nal striae. 

Type. — Bureau  of  Entomology  No.  14125.  On  mangoes  imported 
from  India,  at  Miami,  Fla.,  collected  by  Mr.  P.  J.  Wester,  of  the  Sub- 
tropical Laboratory  and  Garden  of  the  Department  of  Agriculture, 
and  from  Mayaguez,  P.  R.,  through  D.  W.  May. 

Note. — This  mango  scale  is  a  very  interesting  species,  apparently 
undescribed,  and  evidently  imported  from  India  with  the  original 
sending  of  the  variety  of 'mango  on  which  it  occurs,  namely,  Seed 
and  Plant  Introduction  and  Distribution  No.  7108,  the  Sundershah. 
It  seems  to  belong  to  the  genus  Leucaspi$y  but  the  failure  to  find  the 
male  scale  leaves  this  reference  in  some  little  doubt.  It  is  certainly 
unlike  any  described  species  of  this  genus.  It  occurs  thickly  massed 
in  the  cracks  of  the  bark,  and  the  reddish  inflated  skins  are  the  sec- 
ond stage,  which  include  the  adult  insect  in  a  sort  of  sac,  and  look  like 
minute  eggs  or  seeds,  the  whitish  waxy  covering  adhering  very 
loosely  and  in  many  cases  having  been  lost  off.  It  has  every  appear- 
ance of  being  a  serious  pest,  from  the  dense  infestation  exhibited* 

MYTLLASPIS  CHTLOPSIDIS  n.  sp. 
(Plate  VIII,  fig.  1.) 

Scale  of  female:  More  than  a  millimeter  in  length,  narrow,  light 
purplish  in  color. 

Scale  of  male:  Similar,  about  one-half  the  size  of  the  female. 

Adult  female:  A  little  more  than  a  millimeter  long,  of  normal 
Chiona8pi8  shape,  expanding  notably  posteriorly;  anterior  and 
lateral  margins  smooth,  normal.  Anal  plate  much  broader  than  long, 
and  but  slightly  chitinized.  Lobes  limited  to  one  prominent  median 
pair.  Laterals  obsolete  or  represented  by  slight  tooth-like  projec- 
tions. Margin  of  pygidium  somewhat  toothed,  caused  by  the  pro- 
jections over  each  of  the  large  marginal  oval  pores.  Incisions 
inconspicuous;  paraphyses  wanting.  Plates:  2  median  followed  on 
either  side  by  a  group  of  4  or  5,  then  2  or  3;  plates  somewhat  longer 
than  lobes.  Spines  normal;  anal  opening  very  near  base  of  segment. 
Paragenitals;  Anterior  5;  anterior  laterals  7  to  10;  posterior  laterals 
7  to  9  (from  examination  of  two  females).  Large  marginal  pores 
occurring  in  three  pairs,  two  each,  with  a  single  pair  near  the  base 
of  the  segment.  Large  scattering  circular  or  slightly  oval  pores  over 
the  general  area  of  the  pygidium.    Basal  thickenings  wanting;  ventral 
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thickenings  limited  to  a  slightly  chitinized  band  about  twice  the  width 
of  the  median  lobes,  extending  slightly  beyond  the  anal  opening. 

Type. — Bureau  of  Entomology  No.  7218.  Scatteringly  infesting  a 
small  section  of  a  plant  doubtfully  identified  as  Chilopsis  linearis; 
collected  by  C.  H.  T.  Townsend  in  Tehuantepec  City,  Mexico,  May 
26,  1896. 

Note.— The  females  of  this  insect  were  gravid  with  young  at  time 
of  collection.  The  distinguishing  feature  is  the  absence  of  the  lateral 
lobes  in  connection  with  the  rather  large  prominent  median  pair. 

PABLATOBIA  MANGIFEBA  n.  sp. 

(Plate  VIII,  fig.  2.)  * 

Scale  of  female:  Moderately  dense,  dark  brown,  lighter  at  the  edges, 
oval  in  outline,  usually  with  slight  apical  extension;  larval  exuvia 
dull  greenish.     Length  1.5  mm.;  breadth  1  to  1.25  mm. 

Scale  of  male:  Oval,  slightly  lighter  colored,  1  to  1.3  mm.  long  by 
about  0.8  mm.  broad.  Exuvia  more  distinctly  and  purely  green  than 
in  the  case  of  the  female,  forming  quite  a  striking  contrast  with  the 
dull  brown  of  the  secretion. 

Adult  female:  0.65  mm.  by  0.75  mm.;  of  normal  rounded,  peg-top 
shape;  hyaline,  save  the  anal  plate.  Anal  plate  0.45  mm.  broad  at 
base  by  0.25  mm.  long;  rounded,  rather  strongly  chitinized  through- 
out median  area  and  marginally;  general  structure  very  similar  to  per- 
gandei.  Lobes  of  the  pergandei  type,  rather  more  chitinized.  Three 
pairs  of  lobes  with  strong  outer  shoulder,  median  lobes  with  minute 
inner  shoulder  also;  fourth  and  fifth  lobes  triangular,  terminating  in  a 
point  as  in  pergandei;  lateral  teeth  represented  by  irregular  serrations 
beyond  lobes ;  incisions  normal ;  paraphyses  represented  by  the  semi- 
lunar chitinization  at  the  base  of  the  lobes,  unusually  heavy;  plates 
resembling  those  of  pergandei  in  general,  i.  e.,  two  narrow  central 
plates,  and  two  narrow  plates  in  the  first  and  three  in  the  second 
incision,  posterior  one  minute;  the  third  incision  bears  three  broad, 
triangular  plates,  serrated  on  the  exterior  margin;  following  the 
fourth  lobe  are  four  or  five  similar  exteriorly  serrated  plates;  spines 
normal;  anal  opening  narrow,  halfway  between  tip  of  segment  and 
vaginal  orifice;  paragenitals  wanting;  parastigmals  represented  by  a 
group  of  8  to  10  pores  on  the  inner  side  of  each  stigma;  dorsal  pores 
large  and  numerous,  represented  by  5  more  or  less  regular  rows  of 
pores  on  either  side  of  the  center;  the  central  row  3  to  4,  the  second  row 
5  to  6,  third  8,  fourth  and  fifth  scattering.  Marginal  oval  pores  de- 
creasing in  size  from  tip  to  base  of  segment;  basal  thickenings  practi- 
cally wanting;  ventral  thickenings  represented  by  a  broad  suffused 
chitinization  extending  from  the  tip  to  the  base  of  segment,  and  more 
or  less  along  the  margin. 
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Fig.  2.— Parlatoria  manqifer*. 
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Type. — Bureau  of  Entomology  No.  14128.  On  mango;  collected 
in  the  Department  greenhouses,  Washington,  D.  C,  January  28,  1908, 
by  J.  G.  Sanders,  in  course  of  quarantine  inspections.  Dr.  L.  Reh, 
of  Hamburg,  sent  this  species  for  determination  June  27,  1904,  as 
from  Singapore. 

Note. — This  species  is  a  strongly  chitinized  pergandei  lacking  para- 
genital  pores  and  exhibiting  a  much  greater  development  of  dorsal 
pores.  In  this  last  feature  it  resembles  some  of  the  varieties  of  per- 
gandei. It  is  further  distinguished  by  the  more  produced,  tapering, 
exteriorly  serrated  lateral  plates  occurring  in  the  incision  posterior  to 
the  fourth  lobe,  and  also  on  the  margin  of  the  segment  anterior  to  this 
lobe.  The  large  number  of  small  parastigmatic  pores  is  also  a  marked 
character. 

It  occurs  massed  as  thickly  as  may  be  on  the  young  mango  twigs, 
and  evinces  the  prolificness  characteristic  of  the  genus.  It  is  un- 
doubtedly an  offshoot  of  pergandei,  and  may  not  deserve  more  than 
varietal  status. 

PARLATOBIA  PYBI  n.  sp. 

(Plate  IX,  fig.  1.) 

Scale  of  female:  1  mm.  to  1.25  mm.  in  length,  oval;  exuviae  of  larval 
and  second  stage  and  supplementary  secretion  normal  to  the  genus, 
the  secretion,  however,  usually  terminal,  but  its  position  varies  some- 
what as  affected  by  irregularities  of  the  bark,  sometimes  sublateral 
and  sometimes  more  or  less  inclosing  the  posterior  half  at  least  of  the 
second  exuvia.  Larval  exuvia  purplish-green;  second  exuvia  dark 
olive,  almost  black,  more  or  less  overlaid  with  a  grayish  secretion; 
supplement  yellowish. 

Scale  of  male:  Larval  exuvia  as  in  female;  supplemental  area 
broad,  circular. 

Adult  female:  Of  the  normal  peg-top  shape,  0.8  mm.  long  by  0.6 
mm.  broad,  hyaline..  Anal  plate  distinctly  triangular,  very  slightly 
chitinized;  two  pairs  of  lobes,  compressed  or  close  together,  the 
median  more  than  twice  the  size  of  the  laterals,  and  both  pairs  with  a 
deep  exterior  shoulder;  second  pair  of  lobes  much  lower  than  median 
pair;  edge  of  pygidium  beyond  plates,  irregularly  obtusely  serrated; 
incisions  shallow  and  inconspicuous;  paraphyses  wanting,  or  indicated 
by  a  small  point  of  chitinization  at  inner  end  of  first  and  second  lateral 
marginal  pores;  plates  short  and  inconspicuous,  not  exceeding  lobes, 
and  extending  a  short  distance  laterally  beyond  lobes;  spines  normal; 
anal  opening  fairly  large,  circular,  subcentral  or  nearer  base  than  tip 
of  pygidium.  Paragenitals :  Anterior  group  1  to  4,  anterior  laterals 
8  to  10,  posterior  laterals  8  to  12.  The  large  oval  marginal  pores 
characteristic  of  the  genus  are  present,  5  to  6  on  either  margin  of  the 
anal  plate,  with  one  central  one  between  the  median  lobes,  continued 
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also,  somewhat  smaller,  on  all  the  abdominal  segments,  with,  on  these 
segments  and  also  to  a  less  extent  on  the  pygidium,  numerous  smaller 
oval  submarginal  pores.  Basal  and  ventral  thickenings  practically- 
wanting. 

Type. — Bureau  of  Entomology  Xo.  14115.  On  pear,Chefoo,  China, 
collected  October  4,  1901,  by  the  writer.  Also  infesting  cuttings  of 
apple  and  soft  pear,  received  from  the  Province  of  Liaou  Yang,  Man- 
churia, through  F.  X.  Meyer  (S.  P.  I.  &  D.  Xos.  apple,  20276,  20280; 
soft  pear,  20244  and  20280).  Collected  by  Mr.  J.  G.  Sanders  in  the 
course  of  inspection  of  Department  importations,  March  21,  1907. 

Xote. — In  the  case  of  the  Meyer  importations  this  insect  was 
found  very  scatteringly  present  on  the  cuttings  gf  pear  and  apple 
referred  to,  principally  the  former,  and  was  associated  with  the  San 
Jose  scale,  which  was  even  more  sparsely  represented.  Curiously 
enough,  also,  this  new  Parlatoria  bears  a  close  superficial  resemblance 
in  the  balsam  mounted  female  to  the  San  Jose  scale,  and  partic- 
ularly in  the  shape  of  the  anal  segment  and  of  the  produced  tip, 
with  two  pairs  of  compressed  or  closely  placed  lobes,  which  are 
almost  of  the  identical  size  and  shape  of  perniciosus.  The  plates 
also  are  just  about  the  same  size  and  extent  as  in  perniciosus.  While 
distinctly  a  Parlatoria,  this  species  lacks  the  abundant  and  striking 
development  of  the  plates  which  is  usually  characteristic  of  the 
genus.  Its  occurrence  with  the  San  Jose  scale  and  in  somewhat 
greater  numbers  even  than  the  latter  species,  and  particularly  its 
habitat  in  the  Xorth  Temperate  region,  would  indicate,  in  connection 
with  its  host  relations,  that  it  has  very  great  possibilities  for  evil 
should  it  gain  foothold  on  this  continent.  The  genus  Parlatoria  is 
noted  for  its  enormous  powers  of  multiplication,  and  the  possibilities 
of  damage  as  seen  in  the  case  of  the  chaff  scale  (Parlatoria  pergandei 
Comst.)  and  the  date-palm  scale  (Parlatoria  blanchardi  Targ.)  indi- 
cate that  this  Manchurian  Parlatoria  might  develop  into  a  much  more 
dangerous  insect  even  than  the  San  Jose  scale.  While  no  parasitism 
was  noted  in  the  case  of  the  Parlatoria,  some  of  the  San  Jose  scales 
associated  with  it  had  been  parasitized,  the  parasite,  however,  not 
being  identifiable  from  the  single  fragment  found,  which  was,  how- 
ever, referred  by  Doctor  Howard  to  the  genus  Aphelinus. 

PARLATORIA  CH2NENSIS,  n.  sp. 

(Plate  IX,  fig.  2.) 

ScaU  of  female:  1  mm.  in  diameter  or  less,  subcircular,  exuviae 
eccentric,  dark  metallic  olive,  similar  in  general  characters  to  P. 
pyri. 

Scale  of  male:  Xot  seen. 

Adult  female:  About  0.6  mm.  broad  by  0.7  mm.  long  (probably  old 
gravid  female  considerably  larger);  normally  shaped.     Anal  plate 
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Fig.  2.— Parlatoria  c 
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broad,  triangular;  width  0.3  mm.,  length  0.24  mm.;  more  chitinized 
than  pyri:  lobes  in  two  pairs;  median  large,  each  0.15  mm.  broad, 
obtusely  pointed;  inner  margin  with  one  notch,  outer  margin  oblique, 
with  four  or  more  fine  teeth ;  second  lobe  much  smaller  and  lower  than 
median,  close  to  the  latter,  outer  margin  oblique,  with  2  to  4  minute 
teeth;  incisions  normal;  paraphyses  represented  by  two  rounded, 
knobbed  chitinous  processes  attached  to  the  inner  end  of  each  of  the 
first  and  second  lateral  marginal  lunar  pores,  bringing  them  at  or  near 
the  outer  bases  respectively  of  the  median  and  lateral  lobes;  plates 
inconspicuous;  between  the  median  lobes  and  in  the  first  lateral 
incision  two  very  short,  scarcely  discernible  simple  plates;  three 
slightly  longer  simple  plates  occur  in  the  second  incision;  beyond  the 
second  incision  no  plates  easily  discernible;  spines  normal;  anal 
opening  subcentral,  situated  just  in  front  of  vaginal  opening,  equaling 
in  diameter  width  of  median  lobe;  paragenitals  in  four  groups  of 
about  6  pores  each,  the  anterior  group  apparently  not  represented  in 
the  specimens  examined;  basal  thickenings  a  distinct  narrow  line, 
oblique  lateral  portion  of  same  character  as  central  and  scarcely  sepa- 
rated from  latter;  ventral  thickenings  diffused,  normal. 

Type. — Bureau  of  Entomology  No.  14138.  On  crab-apple,  Tien- 
tsin, China,  October  11,  1901 ;  collector,  C.  L.  Marlatt. 

Note. — This  anomalous  Parlatoria  was  first  collected  by  the  writer 
on  a  small  tree,  possibly  a  crab-apple,  growing  near  the  railway  station 
at  Taira,  Japan,  August  30,  1901.  This  tree  was  thickly  infested, 
and  this  was  the  only  example  of  this  insect  found  in  Japan.  In 
China  the  writer  collected  it  at  Chefoo  on  Hibiscus  (October  4,  1901), 
and  later,  October  11,  on  crab-apple  at  Tientsin.  The  latter  lot  has 
been  indicated  as  the  type  material.  What  is  evidently  this  insect 
was  also  collected  by  the  writer  (March  12,  1902),  in  Cairo,  Egypt, 
on  an  unknown  plant,  which  it  infested  in  conjunction  with  Parlatoria 
affinis  Newst.  The  Egyptian  variety  differs  slightly  in  the  exterior 
serration  of  the  median  lobes,  these  serrations  or  notches  being  re- 
duced to  two  or  three  instead  of  four  or  more,  and  the  central  lobular 
projection  is  somewhat  larger.  The  paragenitals  also  are  less  abund- 
ant, ranging  as  follows:  0,  0-3,  and  1-2. 

The  same  insect  was  found  on  plants  imported  for  the  Depart- 
ment of  Agriculture  by  F.  N.  Meyer,  from  Peking  and  northern 
China,  namely,  on  Xanthoxylon,  received  May  2,  1907,  on  Thuja 
orientalis,  received  March,  1908,  and  on  jujube,  received  April  21, 
1908.  From  these  records  it  is  evident  that  it  is  a  common  and 
widespread  species  in  northern  China,  and  probably  will  be  found  to 
occur  throughout  eastern  Asia.  The  Egyptian  variety  may  have 
been  a  recent  importation,  or  the  range  of  the  species  may  be  much 
wider  in  the  Old  World  than  that  indicated. 

This  insect  is  remarkably  like  Parlatoria  pyri  in  general  appear- 
ance and  characters,  and  is  veiy  likely  closely  related  to  the  latter 
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species,  perhaps  presenting  merely  a  variety.  It  differs,  however, 
very  notably  in  the  character  of  the  median  lobes,  which  in  pyri 
are  of  the  normal  Parlatoria  type,  with  a  deep  prominent  outer 
shoulder  on  each  of  the  lobes.  It  also  differs  from  pyri  in  the  pres- 
ence of  the  chitinized  processes  or  paraphyses,  which  in  pyri  are 
usually  wanting  or  only  faintly  indicated,  and  in  the  practical  absence 
of  the  smaller  pores,  which  in  pyri  are  found  rather  abundantly 
near  the  margin  of  the  anal  and  other  segments.  The  anal  plate  is  a 
little  more  heavily  chitinized,  thus  bringing  out  more  prominently 
the  basal  and  ventral  thickenings.  It  occurred  very  scatteringly, 
altogether  but  four  females  being  secured.  Like  pyri,  the  tip,  at 
a  superficial  glance,  reminds  one  strongly  of  pemicio#U8,  the  effect 
being  produced  by  the  very  much  smaller,  lower,  and  closely  placed 
second  lobes.  This  species  diverges  still  farther  than  pyri  from 
the  normal  Parlatoria  characters.  The  sparsity  of  plates  and  the 
practical  absence  of  the  branched  plates  along  the  margin  of  the  anal 
and  other  segments,  and  the  sparsity  of  submarginal  and  marginal 
pores,  are  all  features  which  differentiate  it  from  the  normal  type  of 
Parlatoria.  The  broad  lunar  marginal  pores  of  the  anal  segment, 
however,  are  distinctly  of  the  Parlatoria  character,  and  the  secretions 
and  exuvi«e  are  distinctly  those  of  Parlatoria. 
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CATALOGUE  OF  RECENTLY  DESCRIBED  COCCHLE— II. 

By  J.  G.  Sanders,  M.  A.,  Assistant. 

The  preparation  of  a  catalogue  of  this  character  requires  great 
vigilance  and  constant  attention  to  the  voluminous  literature  of 
entomology,  in  order  that  every  reference  to  Coccidse  be  noted. 
Descriptions  of  new  genera  and  species  appear  in  all  conceivable 
publications  in  many  languages,  but  the  publication  of  the  results 
of  technical  entomological  research  in  botanical  journals  or  other 
periodicals  which  do  not  usually  treat  of  entomological  subjects 
can  not  be  too  strongly  condemned.  For  decades  the  publication  of 
names  for  new  species  without  description,  nomina  wud-i,  has  been 
decried.  Still  there  are  entomologists  who  indulge  in  this  unfortu- 
nate practice,  thereby  leading  to  confusion  and  error. 

In  this  catalogue,  the  second  of  the  series, a  are  included  references 
to  24  new  genera,  195  new  species,  and  14  new  varieties.  The  writer 
believes  the  list  quite  complete  to  March,  1909,  and  asks  the  assist- 
ance of  coworkers  in  adding  references  which  may  have  been  over- 
looked. 

Subfamily  MONOPHLEBDLE. 

Monophlebus  stebbingi  octocaudata  Green. 

Monophlebus  stebbingi  var.  octocaudata  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  16  (1908). 

Maxwell-Lefroy,  Mem.  Dep.  Ag.  India,  n,  7, 
p.  111(1908).    Fig. 
Habitat — Lahore,  India. 

On  mango;  Ficus  bengalensis;  F.  infectoria;  F.  religiosa;  F.  glomerata;  F.  carica; 
Dalbergia  sissu;  Artocarpus  integrifolia. 

Monophlebus  tamarindus  Green. 

Monophlebus  tamarindus  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  17  (1908). 
Habitat — India. 
On  branches  of  tamarind. 

«The  first  catalogue  of  the  series  was  published  as  Technical  Series  12,  Pt.  I,  of 
this  Bureau,  and  was  issued  June  5,  1906. 
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Palssococcus  pulcher  Leonardi. 

Palxococcus  pufcher  Leon.,  Annali  di  Agr.,  vn,  p.  1  (1907).    Fig. 
Habitat — Java. 
On  leaves  of  Ilex  sp. 

Palssococcus  rosea  australis  (Haskell). 

leery  a  rosx  var.  australis  Mask.,  N.  Z.  Trans.,  p.  101  (1893).     Fig. 
Habitat — Australia. 
On  Hakea  gibbosa. 

Palasococcus  theobromas  Newstead. 

Palseococcus  theobromx  Newst.,  Jn.  Econ.  Biol.,  n,  4,  p.  154  (1908). 
Habitat — Calabar,  West  Africa. 
On  leaves  of  cultivated  cacao. 

Walkeriana  cinerea  Green. 

Walkeriana  cinerea  Green  (sine  descr.),  Mem.  Dep.  Ag.  India,  n,  2,  p.  18  (1908). 

MaxweU-I^efroy  (sine  descr.),  Mem.  Dep.  Ag.  India,  n,  7,  p.  121 
(1908). 
Habitat — India. 
On  Acacia  arabica;  Lawsonia  alba. 

Icerya  minor  Green. 

Icerya  minor  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  17  (1908).    Fig. 

Maxwell-Lefroy,  Mem.  Dep.  Ag.  India,  n,  7,  p.  118  (1908).    Fig. 

Leachia /estiva  Kieffer,  Marcellia,  vn,  p.  163  (1909).     Fig. 

Habitat — Bengal . 

On  mango. 

<*  Icerya  okadae  Kuwana. 

Icerya  okadse  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  178  (1907).     Fig. 
CklL,  Can.  Ent.,  xu,  2,  p.  55  (1909). 
Habitat — Japan . 
On  orange  tree  (Citrus). 

Icerya  seychellarum  cristata  Newstead. 

Icerya  seychellarum  var.  cristata  Newst.,  Liverpool  Univ.  Quart.  Jn.,  ra,  6,  p.  11  (1908). 
Habitat — Madagascar. 

Subfamily  MARGARODIN-B. 

Margarodes  mediterraneus  Silvestri. 

Margarodes  mediterraneus  Silv.,  Bui.  Soc.  Ent.  Ital.,  xxxvra,  p.  140  (1906).    Fig. 

Leon.,  Cherm.  Ital.,  Fasc.  iv,  No.  77  (1908). 
Habitat — Italy. 

On  roots  of  Cynodon  sp. 

Genus  MATSTJCOCCUS  CockereU.    Type,  matsumurx. 

Matsucoccus  CklL,  Can.  Ent.,  xli,  2,  p.  56  (1909). 

To  include  Xylococcus  matsumurse  Kuw.,  Insect  World,  ix,  3,  March  (1905). 
Fig. ;  Sanders,  Catalogue  Coccidee  (1906);  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan, 
I,  2,  p.  209  (1907).     Fig. 


«This  species  is  a  synonym  of  Icerya  seychellarum  (Westwood),  which  had  been 
previously  discovered  in  China,  Formosa,  etc. 
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Genus  STEINGBLIA  Nassonow.    Type,  gorodetsha. 

Steimgelia  Nassonow,  Ann.  Mus.  Zool.  Imp.  Acad.  Sc.  St.  Peterebourg,  ira,  p.  345 
(1908). 
Ckll.,  Can.  Ent.,  xu,  2,  p.  56  (1909). 

Steingelia  gorodetskia  Nassonow. 

Steingelia  gorodetsbia  Nassonow,  Ann.  Mus.  Zool.  Imp.  Acad.  Sc.  St.  Peterebourg, 

xra,  p.  345  (1908). 
Ckll.,  Can.  Ent.,  xli,  2,  p.  56  (1909).     Fig. 
Habitat — Russia. 

Xylococciifl  macrocarp®  Coleman. 

Xylococcus  macrocarpie  Coleman,  Jn.  N.  Y.  Ent.  Soc.,  xvi,  p.  198  (1908).     Fig. 
Habitat — California. 
On  Cupressus  macrocarpa. 

Subfamily  ORTHEZHNM. 

Orthezia  calif ornica  Ehrhorn. 

Orthezia  calif ornica  Ehrh.,  Can.  Ent.,  xxxvin,  p.  329  (1906). 
Habitat — California. 
On  Bakia  sp. 

Orthezia  martelli  Leonardi. 

Orthezia  martelli  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  150  (1908).     Fig. 
Habitat— Italy. 
On  grasses  (Graminaceflp). 

Subfamily  CONCHASPHtX. 

Genus  FAGISTXGA  Lindinger.    Type,  triloba. 
Fagi*uga  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  v,  4,  p.  107  (1909). 

Fagisuga  triloba  Lindinger. 

Fagimga  triloba  Lindgr.,  Berl.  Ent.  Zeitschr.,  iv,  5,  p.  107  (1909).     Fig. 
Habitat— Chile. 
On  Nothofagus  dombeyi. 

Subfamily  DACTYLOPIIN-SI. 

Asterolecani um  lineare  Lindinger. 

Asterolecanium  lineare  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  —  (1908). 
Habitat — Brazil. 
On  cocoanut. 

Asterolecanium  miliaria  robusta  Green. 

AiUroUcanium  miliaris  var.  robusta  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  19  (1908). 

Maxwell- Lefroy,  Mem.  Dep.  Ag.  India,  n,  7,  p. 
121  (1908). 
Habitat — Bengal. 
On  steins  of  bamboo  (Dendrocalamus  sp.). 
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Lecaniodiaspis  baculifera  Leonardi. 

Lecaniodiaspis  baculifera  Leon.,  Aunali  di  Agr.,  vn,  p.  11  (1907).     Fig. 
Habitat — Java. 
On  an  undetermined  plant. 

» 

Lecaniodiaspis  frenchii  Green. 

Lecaniodiaspis Jrenchii  "Green"  French  (sine  descr.),  Victorian  Nat.,  xxm,  pp.  184, 
240  (1907). 
Habitat — Victoria,  Australia. 

<*  Genus  CERCOCOCCUS  Scott.    Type  eremobius. 

Cercococcus  Scott,  Tr.  Linn.  Soc.  Lond.,  2d  ser.,  ix,  12,  p.  455  (1907).    Fig. 
Cerococcus  Green,  Ent.  Mo.  Mag.,  xix,  p.  42  (1908). 

Cerococcus  eremobiiiB  (Scott). 

Cercococcus  eremobius  Scott,  Trans.  Linn.  Soc.  Lond.,  2d  ser.,  ix,  12,  p.  455  (1907). 

Fig. 
Cerococcus  eremobius  Green,  Ent.  Mo.  Mag.,  xix,  p.  42  (1908). 

Habitat — Algeria . 

On  Helianthemum  hahiricum. 

Cerococcus  hibisd  Green. 

Cerococcus  hibisci  Green,  Mem.  Dep.  Ag.  India,  h,  2,  p.  19  (1908).     Fig. 

Maxwell-Lefroy,  Mem.  Dep.  Ag.  India,  n,  7,  pp.  122,  135  (1908). 
Habitat — Bombay,  India. 
On  branches  of  Hibiscus  liliflorus  and  Gossypium  sp. 

Solenococcus  murate©  (Kuwana). 

Cerococcus  muratx  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  180  (1907).    Fig. 
Solenophora  muratx  Ckll.,  Can.  Ent.,  xli,  2,  p.  55  (1909). 

Habitat — Japan . 

On  grape;  Viburnum  odoratissimum. 

Kermes  bacciformis  I^eonardi. 

Kermes  bacci/ormis  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  156  (1908).    Fig. 
.   Habitat — Italy. 
On  Quercus  suber. 

Kermes  himalayensis  Green. 

Kermes  himalayensis  Green,  Ent.  Mo.  Mag.,  xx,  p.  1  (1909).    Fig. 
Habitat — Northern  India. 
On  Quercus  incana. 

Kermes  miyasakii  Kuwana. 

Kermes  miyasakii  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  181  (1907).    Fig. 
Habitat — Japan. 
On  Quercus  serrata. 

Kermes  rattani  Ehrhorn. 

Kermes  rattani  Ehrh.,  Can.  Ent.,  xxxvra,  p.  329  (1906). 
Habitat — California. 
On  Quercus  chrysolepis. 

o  A  synonym  of  Cerococcus^  having  been  described  from  immature  specimens. 
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Kermes  variegatua  corticalis  Nassonow. 

Kermis  variegatus  corticalis  Nass.,  Ann.  Mus.  Zool.  Ac.  Imp.  Sc.  St.  Petersbourg,  xnj, 
p.  490(1909).    Fig. 
Habitat — Russia. 
On  bark  of  Quercus  sp. 

Kermea  vastus  Kuwana. 

Kermes  vastus  Kuwana,  Bui.  Agr.  Exp.  Sta.  Japan,  i,  2,  p.  181  (1907).    Fig. 
Habitat — Japan. 
On  Quercus  glandul\fera. 

Genus  ATBXPUCIA  Cockerell.    Type  gallicola. 

Atriplicia  Ckll.,  Pr.  Ent.  Soc.  Wash.,  x,  p.  169  (1909). 

Atriplida  gallicola  Cockerell  &  Rohwer. 

Atriplicia  gallicola  Ckll.  &  Rohw.,  Pr.  Ent.  Soc.  Wash.,  x,  p.  169  (1909). 
Habitat — Colorado;  New  Mexico. 
On  leaves  of  Atriplex  canescens. 

Eriococcus  bahise  Ehrhorn. 

Eriococcus  bakiss  Ehrh.,  Can.  Ent.,  xxxvni,  p.  330  (1906). 
Habitat — California. 
On  roots  of  Bahia  sp. 

Eriococcus  bezzii  Leonard i. 

Eriococcus  bezzii  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,  p.  148  (1907).    Fig. 

Cherm.  Ital.,  Fasc.  iv,  No.  83  (1908). 
Habitat— Italy. 
On  branches  and  petioles  of  Rhododendron  ferrugineum. 

Eriococcus  catalinsB  Ehrhorn. 

Eriococcus  catalinse  Ehrh.,  Can.  Ent.,  xxxvra,  p.  332  (1906). 
Habitat — California. 
On  Artemisia  sp. 

Eriococcus  howardi  Ehrhorn. 

Eriococcus  howardi  Ehrh.,  Can.  Ent.,  xxxvm,  p.  331  (1906). 
Habitat — California. 
On  Quercus  sp. 

Eriococcus  lagerstrceihiee  Euwana. 

Eriococcus  lagerstramix  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  182  (1907).     Fig. 
Habitat — Japan . 
On  Ficus  carica;  Lagerstrwmia  indica. 

Eriococcus  latialis  Leonardi. 

Eriococcus  latialis  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,  p.  144  (1907). 
Habitat — Italy. 
On  an  undetermined  plant. 

Eriococcus  quercus  gilensis  Cockerell. 

Eriococcus  quercus  gilensis  Ckll.,  Pr.  Ent.  Soc.  Wash.,  x,  p.  167  (1909). 
Habitat^ — Arizona. 
On  Quercus  toumeyi. 
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Genus  LBFBOYIA  Green.    Type  castaness. 
Lefroyia  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  21  (1908). 

Lefroyia  castanese  Green. 

Lefroyia  castaness  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  21  (1908).    Pig. 
Habitat — Assam . 
On  smaller  branches  of  Costarica  sp. 

StictococcuB  multispinosus  Newstead. 

Stictococcus  multispinosus  Newst.,  Jn.  Econ.  Biol.,  n,  4,  p.  150  (1908). 
Habitat — East  Africa. 

DactylopiuB  argentinus  Dominguez. 

Dactylopius  argentinus  Dominguez,  Trab.  Mus.  Farm.  Fac.  Cienc.  Med.,  no.  17  (1907). 

Dominguez,  Bol.  Min.  Ag.,  vh,  3,  pp.  148,  150  (1907). 
Habitat — Argentina . 
On  Cactacece  (Opuntia  ficus-indica  and  O.  aurantiaca). 

Dactylopius  ceylonicus  (Green). 

Coccus  cacti  var.  ceylonicus  Green,  Ind.  Mus.  Notes,  rv,  1,  p.  7  (1896). 

Mask.,  N.  Z.  Trans.,  xxix,  p.  319  (1897). 
Coccus  indicia  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  28  (1908).     Fig. 

Habitat — Ceylon;  India. 

On  Opuntia  dillenii. 

"  SphsBTococcus  draper!  Newstead. 

Sphaerococcus  draperi  Newst.,  Liverpool  Univ.  Quart.  Jn.,  i,  2,  p.  70  (1906);  Agr.  Newa 

West  Ind.,  v,  3,  p.  —  (1906). 
Draper,  Scale  Insects  of  Egypt,  p.  12  (1907). 
Habitat — Egypt. 
On  date  palm. 

Genus  MACROCEROCOCCUS  Leonard i.    Type,  superbus. 
Macrocerococcus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,  p.  151  (1907). 

Macrocerococcus  superbus  Leonardi. 

Macrocerococcus  superbus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,  p.  152  (1907).    Fig. 

Marchal,  Compt.  Rend.  Ac.  Sci.,  Paris,  cxlhi,  13,  p.  872 
(1909). 
Habitat — Sardinia;  Corsica;  France. 

On  stems  of  an  undetermined  grass,  and  on  Lepidium  draba;  Alyssum  mediler- 
raneum;  Lotus;  Fumaria  major;  Cetarach  officinalis;  Antirrhinum  latifolium. 

Phenacoccus  cholodkovskyi  Marchal. 

Phenacoccus  cholodkovskyi  Marchal,  Ann.  Soc.  Ent.  France,  lxxvii,  p.  245  (1908).    Fig. 
Habitat — Southern  Russia. 
On  Triticum  vulgare. 

o  This  species  must  be  very  close  to  Phccnicococcus  marlatti  Ckll.,  a  very  common 
pest  of  the  date  palm  in  Algeria,  if  it  is  not  indeed  identical.  The  description  answers 
very  well  for  the  latter  species. 
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Phenacoccus  colemani  Ehrhorn. 

Phenacoccus  colemani  Ehrh.,  Can.  Ent.,  xxxvui,  p.  332  (1906). 
Habitat — California. 
On  Rubtis  sp. 

Phenacoccus  formicarum  Leonard iv 

Phenacoccus  formicarum  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  162  (1908).    Fig. 
Habitat — Italy. 
In  nest  of  ante  (Pheidole  pallidula). 

Phenacoccus  graminicola  Leonardi. 

Phenacoccus  graminicola  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  160  (1908).     Fig. 
Habitat— Italy. 
On  grasses  (Graminaceae). 

Phenacoccus  hirsutus  Green. 

Phenacoccus  hirsutus  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  25  (1908).    Fig. 
Habitat — India;  Tasmania. 

41  On  terminal  shoots  of  an  undetermined  shrub,  attended  by  ants  (Cremastogaster 
rogenho/eri)t  which  had  constructed  shelters  around  the  colonies  of  insects." 

Phenacoccus  iceryoides  Green. 

Phenacoccus  iceryoides  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  26  (1908). 

Maxwell-Lefroy,  Mem.  Dep.  Ag.  India,  n,  7,  p.  129  (1908). 
Habitat — Calcutta,  Tanjore,  Surat,  India. 
On  mango;  Boswellia;  Capparis  horrida. 

Phenacoccus  insolitus  Green. 

Phenacoccus  insolitus  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  26  (1908).    Fig. 
Habitat — Bengal . 
On  Sida  cordifolia. 

<*  Phenacoccus  ramonsa  Essig. 

Phenacoccus  ramonx  Essig,  Pomona  Jn.  Ent.,  i,  2,  p.  44  (1909).    Fig. 
Habitat — California. 
On  roots  of  black  sage  {Ramona  stachyoides) . 

Genus  COCCTJBA  Sulc.    Type,  comari  Kunow. 

Coccura  Sulc,  Nachrichtsbl.  Naturfrsch.-Klubs,  Prossnitz,  x,  7  pp.  (1907);  Lindgr., 
Zeitechr.  f.  wiss.  Insektenbiol.,  iv,  12,  p.  475  (1908). 
A  new  genus  for  the  reception  of  Coccus  (Phenacoccus)  comari  Kunow,  Ent.  Nach- 
richten,  vi,  p.  46  (1880). 

Ceroputo  volynicus  Nassonow. 

Ceroputo  volynicus  Nass.,  Ann.  Mus.  Zool.  Ac.  Imp.  Sc.  St.  Petersbourg,  xin,  p.  471 
(1909).    Fig. 
Habitat — Russia. 
On  leaves  and  stems  of  Dactylis  glomerata. 


<*This  is  undoubtedly  an  immature  stage  of  Ceroputo  yucca*  (Coquillett).  The 
lateral  patches  of  spines  on  each  segment,  and  the  incompletely  developed  7-jointed 
Antennae  indicate  strongly  its  connection  with  the  latter  species, 
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Genus  LACHNODIELLA  von  Ihering.    Type,  cecropim. 
Lachnodiella  von  Iher.  (sine  descr.),  Bot.  Jahrb.,  xxxix,  5,  p.  680  (1907). 

Lachnodiella  cecropi®  von  Ihering. 

Lachnodiella  cecropix  von  Iher.  (sine  descr.),  Bot.  Jahrb.,  xxxix,  5,  p.  680  (1907). 
Habitat — Brazil . 
On  Cecropia  adenopus. 

Pseudococcus  agrifolisB  Essig. 

Pseudococcus  agrifolix  Essig,  Pomona  Jn.  Ent.,  i,  2,  p.  42  (1909).    Fig. 
Habitat — California. 
Beneath  bark  and  in  cracks  of  bark  of  Quercus  agrifolia. 

Pseudococcus  artemisiae  Essig. 

Pseudococcus  artemisix  Essig,  Pomona  Jn.  Ent.,  i,  2,  p.  38  (1909).    Fig. 
Habitat — California. 
"Under  bark  of  Artemisia  calif ornica" 

PaeudococcuB  citri  coleorum  Marchal. 

Pseudococcus  citri  var.  coleorum  Marchal,  Ann.  Soc.  Ent.  France,  lxxvtj,  p.  236  (1908). 

Habitat — France . 

On  Coleus. 

Pseudococcus  coffees  (Newstead). 

Dactylopius  n.  sp.  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  p.  74  (1906). 
coffese  Newst.,  Jn.  Econ.  Biol.,  in,  2,  p.  37  (1908).    Fig. 
Habitat — Java. 
On  Liberian  coffee. 

Pseudococcus  cupressi  Coleman. 

Pseudococcus  cupressi  Coleman,  Jn.  N.  Y.  Ent.  Soc.,  xvi,  p.  197  (1908).    Fig. 
Habitat — California. 
On  Cupressus  macrocarpa. 

Pseudococcus  (?)  cycliger  Leonardi. 

Pseudococcus  cycliger  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  168  (1908).    Fig. 
Habitat— Italy. 
In  nest  of  ants  (Aphenogaster  testaceo-pilosus). 

Pseudococcus  elongatus  Reuter. 

<* Pseudococcus  graminis  Reuter,  Medd.  Soc.  Faun.  Fenn.,  p.  66  (1904). 

elongatus  Reuter,  Medd.  Soc.  Faun.  Fenn.,  p.  251  (1904). 

elongatus  Sanders,  Catalogue  Coccidse,  p.  5  (1906). 
Habitat — Finland. 
On  Phleum  pratense;  Poa  pratensis. 

Pseudococcus  juniperi  Ehrhorn. 

Pseudococcus  juniperi  Ehrh.,  Can.  Ent.,  xxxvm,  p.  333  (1906). 
Habitat — Arizona. 
On  Juniperus  virginiana. 


o  Specific  name  preoccupied. 
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Pseudococcus  longipes  Leonard  i. 

Pseudococcus  longipes  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  ni,  p.  166  (1908).    Fig. 
Habitat— Italy. 
On  Alocasia  macrorica. 

Paeudococcus  myrmecarius  Leonardi. 

Pseudococcus  myrmecarius  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  164  (1908).    Fig. 
Habitat — Sardinia. 
In  nest  of  ants  (Camponotus  sp.). 

Pseudococcus  obscurus  Essig. 

■  • 
Pseudococcus  obscurus  Essig,  Pomona  Jn.  Ent.,  i,  2,  p.  43  (1909).     Fig. 

Habitat — California. 

14 On  Opuntia  and  under  the  bark  of  Sambucus  glauca." 

Pseudococcus  saccharifolli  (Green). 

Dactylopius saccharifolii  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  23  (1908). 

Maxwell-Lefroy,  Mem.  Dep.  Ag.  India,  n,  7,  p.  124  (1908). 
Fig. 
Habitat — Bengal . 
On  leaves  of  sugar  cane. 

Pseudococcus  (?)  taksB  (Kuwana). 

Dactylopius  tahe  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  184  (1907).    Fig. 
Pseudococcus  takse  Ckll.,  Can.  Ent.,  xli,  2,  p.  55  (1909). 

Habitat — Japan . 

On  bamboo. 

Pseudococcus  thesecola  (Green). 

Dactylopius  thexcola  Green,  Mem.  Dep.  Ag.  Ind.,  i,  5,  p.  347  (1907).    Fig. 

Green,  Mem.  Dep.  Ag.  Ind.,  n,  2,  p.  24  (1908). 
Habitat — India. 
"On  roots  of  tea  plants." 

Pseudococcus  virgatus  madagascariensis  (Newstead). 

Dactylopius  virgatus  var.  madagascariensis  Newst.,  Liverpool  Univ.  Quart.  Jn.,  m, 
6,  p.  9  (1908).    Fig. 
Habitat — Madagascar. 
"On  an  unknown  plant." 

Pseudococcus  vove©  Nassonow. 

Pseudococcus  (Dactylopius)  vovae  Nass.,  Ann.  Mus.  Zool.  Ac.  Imp.  Sc.  St.  Peterebourg, 
xin,  p.  484  (1909).     Fig. 
Habitat — Russia. 
On  Juniperus  communis. 

Bipersiella  kelloggi  Ehrhorn. 

Ripersiella  kelloggi  Ckll.  (sine  descr.),  Pr.  Biol.  Soc.  Wash.,  xiv,  p.  166  (1901). 

Ehrh.,  Can.  Ent.,  xxxvni,  p.  334  (1906). 
Habitat — California. 
On  bunch-grass. 
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Bipersia  candidata  Cockerell. 

Ripersia  candidata  Ckll.,  Ann.  Mag.  N.  H.  (7),  vra,  p.  53  (1901). 
"=6-jtd.  R.  lasii  from  Massachusetts. "--(Ckll.  in  litt.) 

Bipersia  donisthorpei  Newstead. 

Ripersia  donisthorpei  Newst.,  Ent.  Rec.  Jn.  Variation,  xix,  p.  5  (1907).    Fig. 
Habitat — England. 
In  nests  of  Ponera  contracta. 

Bipersia  formicarii  Newstead. 

Ripersia  formicarii  Newst.,  Ent.  Rec.  Jn.  Variation,  xix,  p.  5  (1907).     Fig. 
Habitat — England . 
Associated  with  Lasius  fiavus. 

Bipersia  hypogea  Leonard i. 

Ripersia  hypogea  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  176  (1908).     Fig. 

Habitat— Italy. 

Underground. 

Bipersia  inquilina  Leonardi. 

Ripersia  inquilina  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  174  (1908).     Fig. 
Habitat — Sardinia. 
In  nest  of  undetermined  ants. 

Bipersia  japonica  Kuwana. 

Ripersia  japonica  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  186  (1907).     Fig. 
Habitat — Japan. 
Under  sheathing,  base  of  leaf  of  Miscanthus  sp. 

Bipersia  libera  Leonardi. 

Ripersia  libera  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  m,  p.  170  (1908).     Fig. 
Habitat — Italy. 
On  an  undetermined  grass. 

Bipersia  (?)  oryzae  Kuwana. 

Ripersia  oryzae  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  186  (1907).    Fig. 

Ckll.,  Can.  Ent.,  xu,  2,  p.  55  (1909). 
Habitat — Japan . 
On  roots  of  rice  (Oryza)  and  other  plants. 

Bipersia  Sardinia©  Leonardi. 

Ripersia  sardinix  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  173  (1908).     Fig. 
Habitat — Sardinia. 
In  nest  of  ants  {Solenopsis  sp.). 

Genus  MICBOCOCCTJS  Leonardi.    Type,  silvestrii. 

Micrococcus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  I,  p.  135  (1907). 

Micrococcus  silvestrii  Leonardi. 

Micrococcus  silvestrii  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,  p.  136  (1907).     Fig. 
Habitat — Sard  in  ia . 
In  nests  of  Tapinoma  erraticum. 
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Micrococcus  m'miliw  Leonard i. 

Micrococcus  similu  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,"  p.  143  (1907).     Fig. 
Habitat — Sardinia. 
On  roots  of  a  cereal. 

Antonina  (?)  africana  Newstead. 

Antondna  (?)  africana  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  pp.  69, 

72  (1906). 
Draper  (sine  descr.),  Scale  Ins.  of  Egypt,  p.  11  (1907). 
Habitat — Egypt. 
On  "sunt"  tree  (Acacia  arabica  var.  nilotica). 

Antonina  indica  Green. 

Antonina  indica  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  27  (1908).    Fig. 
Habitat — Bengal . 
On  bases  of  leaves  of  "bariali "  grass. 

Antonina  phragmitis  Marcbal. 

Antonina  phragmitis  Marcbal,  Compt.  Rend.  Ac.  Sci.,  Paris,  cxun,  13,  p.  872  (1909). 
Habitat — France. 
On  Phragmites  giganUa. 

Subfamily  TACHARDTTN^!. 

Tachardia  argentina  Dominguez. 

Tachardia  argentina  Dominguez  (sine  descr.),  An.  Soc.  dent.  Argentina,  p.  219  (1906). 

Fig. 
Dominguez  (sine  descr.),  Bol.  Min.  Ag.,  vn,  3,  pp.  148, 150  (1907). 
Habitat — Argentina. 
On  Acacia  cavenia. 

Tachardia  decorella  thee©  Green  &  Mann. 

Tachardia  decorella  var.  these  Green  &  Mann,  Mem.  Dep.  Ag.  India,  i,  5,  p.  348  (1907). 

Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  28  (1908). 
Habitat — India. 
On  tea. 

Subfamily  COCCTSM. 

Ceronema  caudata  Froggatt. 

Ceronema  caudata  Froggatt,  n.  sp. (?). 

Froggatt,  Australian  Insects,  p.  376  (1907). 
Habitat — New  South  Wales,  Australia. 
On  "gum-trees." 

Pulvinaria  antigoni  Green. 

Pulvinaria  antigoni  Green,  Tr.  Linn.  Soc.  Lond.,  xii,  2,  pp.  199,  204  (1907).    Fig. 
Habitat — Seychelles . 
On  Antigonon. 

Pulvinaria  burkilli  Green. 

Pulvinaria  burkilli  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  31  (1908).    Fig. 
Habitat — India. 
On  leaves  of  Croton  tiglium. 
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Pulvinaria  jacksoni  Newstead. 

Pulvinaria  jacksoni  Newst.,  Jn.  Econ.  Biol.,  n,  4,  p.  155  (1908).    Pig. 
Habitat — West  Africa. 
On  cacao  and  Ficus  pp. 

Pulvinaria  kuwacola  Kuwana. 

Pulvinaria  kuwacola  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  I,  2,  p.  188  (1907).     Fig. 

Ckll.,  Can.  Ent.,  xli,  2,  p.  55  (1909). 
Habitat — Japan. 

On  mulberry. 

Pulvinaria  orientalis  Nassonow. 

Pulvinaria  orientalis  Nass.,  Ann.  Mus.  Zool.  Ac.  Imp.  Sc.  St.  Peterebourg,  xin,  p.  493 
(1909).     Fig. 
Habitat — Russia. 
On  branches  of  Haloxylon  ammodenaron. 

Pulvinaria  pluchee©  Ehrhorn. 

Pulvinaria  pluchex  Ehrh.,  Can.  Ent.,  xxxvm,  p.  334  (1906). 
Habitat — California. 
On  Pluchea  sericea. 

Genus  STOTZIA  Marchal.    Type,  striata. 

Stotzia  Marchal,  Bui.  Soc.  Ent.  Fr.,  p.  143  (1906). 

Stotzia  striata  Marchal. 

Stotzia  striata  Marchal,  Bui.  Soc.  Ent.  Fr.,  p.  144  (1906). 
Habitat — Algeria. 
On  branches  of  Ephedra  altissima. 

Genus  EUPH1TJPPIA  Berlese  &  Silvestri.    Type,  olivina. 

Euphilippia  Berl.  &  Silv.,  Redia,  m,  fasc.  2,  p.  396  (1905). 

Euphilippia  olivina  Berlese  &  Silvestri. 

Euphilippia  olivina  Berl.  &  Silv.,  Redia,  in,  fasc.  2,  p.  398  (1905).    Fig. 

Habitat — Italy. 

On  olive. 

Ceroplastes  africanus  Senegal  ensis  Marchal. 

Ceropla8te8  africanus  var.  senegalensis  Marchal,  Bui.  Soc.  Zool.  France,  xxxiv,  p.  68 

(1909). 

Marchal,  M6m.  Soc.  Zool.  France,  xxn,  p.  168 

(1909). 
Habitat — Senegal . 

On  Acacia  arabica;  A.  tortilis. 

Ceroplastes  bussei  Newstead. 

Ceroplastes  bussei  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  pp.  71, 74  (1906). 

Habitat — Cameroon,  West  Africa. 

On  cacao. 

Ceroplastes  tenuitectus  Green. 

Ceroplastes  tenuitectus  Green,  Tr.  Linn.  Soc.  Lond.,  xn,  2,  p.  204  (1907).    Fig. 
Habitat — Aldabra  Isl. 
On  "bois  la  fumee." 
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Ceroplastes  theobromse  Newstead. 

Ceroplastes  theobromst  Newst.  (sine  deecr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  pp.  71, 

74  (1906). 
Newrt.  (sine  deecr.),  Scale  Ins.  of  Egypt,  p.  16  (1907). 
NewBt.,  Jn.  Econ.  Biol.,  ra,  2,  p.  38  (1908). 
Habitat — Cameroon,  West  Africa. 
On  cacao  ( Theobroma  cacao). 

Ceroplastes  uvariaB  Marchal. 

Ceroplastes  uvarix  Marchal,  Bui.  Soc.  Zool.  France,  xxxrv,  p.  68  (1909). 

Marchal,  Mem.  Soc.  Zool.  France,  xxh,  p.  170  (1909).    Fig. 
Habitat — French  Guinea. 
On  Uvaria  sp.  (Anonace«). 

Ceroplastes  vuilleti  Marchal. 

Ceroplastes  vuilleti  Marchal,  Bui.  Soc.  Zool.  France,  xxxrv,  p.  68  (1909). 

Marchal,  Mem.  Soc.  Zool.  France,  xxn,  p.  165  (1909).    Fig. 
Habitat — Senegal . 
On  Ormosia  laxifiora  (Leguminosse). 

Ceroplastodes  chiton  Green. 

Ceroplastodes  chiton  Green  (sine  deecr.),  Mem.  Dep.  Ag.  India,  n,  2,  p.  32  (1908). 
Habitat — India. 
On  Cajanus  indicus. 

Coccus  gymnospori  (Green). 

Lecanium  gymnospori  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  29  (1908).    Fig. 
Habitat — India. 
On  Gymnosporia  montana. 

Coccus  hesperidum  javanensis  (Newstead). 

Lecanium  ( Trechocorys)  hesperidum  var.  africanum  NewBt.  (sine  descr.),  Liverpool  Univ. 

Quart.  Jn.,  I,  2,  p.  74  (1906). 
Lecanium  hesperidum  var.  javanensis  Newst.,  Jn.  Econ.  Biol.,  ra,  2,  p.  38  (1908).    Fig. 
Habitat— Java. 
On  Librarian  coffee. 

Coccus  nicotian®  (Newstead). 

Lecanium  nicotianx  Newst.,  Liverpool  Univ.  Quart.  Jn.,  ra,  6,  p.  8  (1908).    Fig. 
Habitat— Madagascar. 
On  tobacco. 

Coccus  tuberculatus  Kotinsky. 

Coccus  tuberculatus  Kotinsky,  Pr.  Haw.  Ent.  Soc.,  i,  pt.  5,  p.  168  (1908).    Fig. 
Habitat — Singapore . 
On  leaves  of  unknown  tree. 

Mesolecanium  perditulum  Cockerell  &  Robbins. 

Mesolecanium  perditulum  Ckll.  &  Robb.,  Can.  Ent.,  xli,  p.  150  (1909). 
Habitat — Nicaragua. 
"On  bark  of  small  branches  of  tree  No.  2122  "— C.  F.  Baker  coll. 
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Akerme8  montanus  (Green). 

Lecanium  montanum  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  30  (1908).    Fig. 
Habitat — Himalaya  Region,  India. 
On  twigs  of  undetermined  shrub. 

Genus  PAL2BOLBCAOTTJM  Sulc.    Type,  bituberculatum. 
PalxoUcanium  Sulc,  Ent.  Mo.  Mag.,  xix,  p.  36  (1908). 

Genus  PABTHENOLECANITJM  Sulc.    Type,  coryli. 
Parthenolecanium  Sulc,  Ent.  Mo.  Mag.,  xix,  p.  36  (1908). 

Genus  SPBLEBOLBCANTTJM  Sulc.    Type,  prunastri. 
Sphssrolecanium  Sulc,  Ent.  Mo.  Mag.,  xix,  p.  36  (1908). 

Globulicoccus  n.  subgen.  of  Lecanium  auctt.    Type, /twcum. 

Lindgr.,  Ent.  Blatter,  Schwabach,  in,  8,  p.  113;  9,  p.  136  (1907). 
Lindgr.,  Ber.  Stat.  f.  Pflanzensch.  Hamb.,  ix,  p.  7  (1907). 

Lecanium  cecconi  Leonard i. 

Eulecanium  cecconi  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  178  (1908).    Fig. 
Habitat— Italy. 
On  Menispermum  canadense. 

Lecanium  glandi  (Kuwana). 

Lecanium  glandi  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  191  (1907).    Fig. 
Eulecanium  glandi  Ckll.,  Can.  Ent.,  xli,  2,  p.  56  (1909). 

Habitat — Japan . 

On  apple,  pear,  and  other  trees. 

Lecanium  kunoensia  (Kuwana). 

Lecanium  kunoensis  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  I,  2,  p.  101  (1907).    Fig. 

Ckll.,  Can.  Ent.,  xli,  2,  p.  56  (1909). 
Habitat — Japan . 
On  Rhamnus  japonica;  Prunus  mume;  Pyrus  sinensis. 

Lecanium  pulchrum  Marchal. 

Lecanium  pulchrum  King  (sine  descr.),  Allg.  Zeits.  f.  Ent.,  vin,  p.  410  (1903). 

Eulecanium  pulchrum  Sanders,  Catalogue  Coccidse,  p.  9  (1906). 

Lecanium  rubellum  Lindgr.,  Ent.  Blatter,  Schwabach,  m,  9,  p.  —  (1907). 

Lindgr.,  Ber.  Stat.  f.  Pflanzensch.  Hamb.,  ix,  p.  7  (1907). 

pulchrum  Marchal,  Ann.  Soc.  Ent.  France,  Lxxvn,  p.  304  (1908).    Fig. 

Habitat — Germany . 

On  Calluna  vulgaris;    Ulex  europseus;    Rosa  arvensis;    Rubus  sp.;   Sarothamnus 

scoparius. 

Lecanium  sericeum  Lindinger. 

Lecanium  sericeum  Lindgr.,  Insekten  Boree,  xxm,  p.  147,  Sept.  (1906).    Fig. 

Lecanium  (Globulicoccus)  sericeum  Lindgr.,  Ent.  Blatter,  Schwabach,  m,  8  and  9  (1907). 

Lindgr.,  Ber.  Stat.  f.  Pflanzensch.  Hamb.,  ix,  p.  7 

(1907). 
Habitat — Bavaria. 

On  Abies  pectinata. 


^ 
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Paralecanium  cocophyllee  Banks. 

Paralecanium  cocophyllse  Banks,  Philippine  Jn.  Sci.,  i,  3,  pp.  223,  235  (1906).    Fig. 
Habitat — Philippines. 
On  cocoanut  palm. 

"Lecanium"  montonoee  Newstead. 

Lecanium  montonoae  Newst.  (sine  descr.),   Liverpool  Univ.  Quart.  Jn.,  i,  2,  p.  69 
(1906). 
montonoai  Lindgr.  (sine  descr.),  Ent.  Wochenblatt,  xxrv,  5,  p.  19  (1907). 
Habitat — Egypt. 

"Lecanium"  ni&higaharsd  Kuwana. 

Lecanium  nishigaharx  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  192  (1907).    Fig. 
Habitat— Japan . 
On  mulberry  (Morus  sp.). 

Genus  HEMILECANTDM  Newstead.    Type,  theobromm. 

Hemilecanium  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  pp.  71,  74  (1906). 
Newst.,  Jn.  Econ.  Biol.,  in,  2,  p.  39  (1908). 

Hemilecanium  theobromee  Newstead. 

Hemilecanium  theobromx  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  pp. 

71,  74  (1906). 
Newst.  (sine  descr.),  Scale  Ins.  of  Egypt,  p.  16  (1907). 
Newst.,  Jn.  Econ.  Biol.,  in,  2,  p.  39  (1908).    Fig. 
Habitat — Cameroon,  West  Africa. 
On  Theobroma  cacao. 

a  Genus  HOUARDIA  Marchal.    Type,  troglodytes. 

Houardia  Marchal,  Compt.  Rend.  Soc.  Biol.,  Paris,  lxvi,  p.  586  (1909). 

Houardia  troglodytes  Marchal. 

Houardia  troglodytes  Marchal,  Compt.  Rend.  Soc.  Biol.,  Paris,  lxvi,  p.  586  (1909). 

Marchal,  Bull.  Soc.  Zool.  France,  xxxiv,  p.  73  (1909). 
Marchal,  Mem.  Soc.  Zool.  France,  xxn,  p.  171  (1909).    Fig. 
Habitat — Senegal . 

In  tunnels  in  branches  of  Balanites  (Agialida)  xgyptiaca  inhabited  by  ants  of  the 
genus  Cremastogaster  near  kneri  Mayr. 

Lecanopsis  mirmecophila  Leonardi. 

Lecanopsis  mirmecophila  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  hi,  p.  181  (1908).    Fig. 
Habitat — Sardinia . 
In  nest  of  ants  ( Tetramorium  caespitum). 

Aclerda  biwakoensis  Kuwana. 

Aclerda  (?)  biwakoensis  Kuwana,  Bui.  Ag.  Exp.  Sta.  Japan,  i,  2,  p.  187  (1907).    Fig. 

Ckll.,  Can.  Ent.,  xu,  2,  p.  55  (1909). 
Habitat — Japan . 
On  Phragmites  communis. 

o  An  unfortunate  name,  because  of  its  similarity  to  IJowardia  Berlese  &  Leonardi,  a 
genus  of  Diaspine  Coccidae. 
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Subfamily  DIASPIN^. 

Chionaspis  etrusca  Leonardi. 

Chionaspis  etrusca  Leon.,  Annali  di  Agr.,  vm,  p.  44  (1908). 

Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  m,  p.  184  (1908).    Fig. 
Leon.,  Cherm.  Ital.,  iv,  No  88  (1908). 
Habitat— Italy. 
On  Tamarix&ip. 

Chionaspis  gryphsBiormis  Newstead. 

Chionaspis  gryphseformis  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  p.  71 
(1906). 
crypheaformis  Draper  (sine  descr.),  Scale  Ins.  of  Egypt,  p.  15  (1907).    Cairo. 
Habitat— Egypt. 
"On  four  unnamed  plants;  one  a  conifer." 

Chionaspis  inday  Banks. 

a  Chionaspis  Candida  Banks,  Philippine  Jn.  Sci.,  i,  3,  pp.  222,  232  (1906).    Fig. 
Chionaspis  inday  Banks,  Philippine  Jn.  Sci.,  i,  7,  p.  787  (1906). 

Habitat — Philippines. 

On  cocoanut  palm. 

Chionaspis  marmi  Green. 

Chionaspis  manni  Watt  &  Mann  (sine  descr.),  Pests  and  Blights  of  Tea  Plant,  2nd  ed., 

p.  309  (1903). 
Green,  Mem.  Dep.  Ag.  India,  i,  5,  pp.  342,  344  (1907).    Fig. 
Mann,  Mem.  Dep.  Ag.  India,  i,  5,  p.  351  (1907). # 
Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  37  (1908). 
Habitat — India. 
On  tea;  Ficus  sp. ;  Solanum  Tnelongena. 

Chionaspis  micropori  Marlatt. 

Chionaspis  micropori  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  pt.  2,  p.  25  (1908).    Fig. 
Habitat — Shansi  Province,  China 
On  Populus  tremula. 

Chionaspis  vnilleti  Marchal. 

Chionaspis  vuilleti  Marchal  (sine  descr.),  Compt.  Rend.  Soc.  Biol.,  lxvi,  p.  587  (1909). 

Marchal,  Bui.  Soc.  Zool.  France,  xxxiv,  p.  69  (1909). 

Marchal,  M6m.  Soc.  Zool.  France,  xxn,  p.  175  (1909).    Fig. 
Habitat— Guinea. 
On  gum  copal  (Copaifera  guibourtiana?) 

Diaspis  barberi  Green. 

Diaspis  barberi  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  35  (1908).    Fig. 
Habitat — Tanjore,  India. 
On  branches  of  Loranthus  sp. 

Diaspis  (?)  ericicola  Marchal. 

Diaspis  (Adiscodiaspis)  ericicola  Marchal,  Compt.  Rend.  Ac.  Sci.,  Paris,  cxlviii,  13, 
p.  871  (1909). 
Habitat — France. 
On  Erica  arborea. 


<*  Specific  name  preoccupied. 
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Aulacaspis  javanensis  Newstead. 

Aulacaspis  (Diaspis)  javanensis  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i, 

2,  p.  74  (1906). 
Aulacaspis  javanensis  Newst.,  Jn.  Econ.  Biol.,  iii,  2,  p.  35  (1908).    Fig. 

Habitat — Java. 

"  On  various  plants. ' ' 

Aulacaspis  penzigi  Leonard i. 

Aulacaspis  penzigi  Leon.,  Annali  di  Agr.,  vn,  p.  14  (1907).    Fig. 
Habitat — Java. 
On  leaves  of  Ilex  sp. 

Aulacaspis  tubercularis  Newstead. 

Aulacaspis  (Diaspis)  tubercularis  Newst.,  Liverpool  Univ.  Quart.  Jn.,  i,  2,  p.  73  (1906). 
Aulacaspis  cinnamomi  Newst.,  Jn.  Econ.  Biol.,  in,  2,  p.  34  (1908).    Fig. 

Habitat — Java. 

On  Cinnamomum  zeylanicum. 

Hemichionaspis  aspidistras  gossypii  Newstead. 

Chionaspis  (Hemichionaspis)  aspidistras  var.  gossypii  Newst.    (sine  descr.),  Liverpool 

Univ.  Quart.  Jn.,  i,  2,  p.  74  (1906). 
Newst.,  Jn.  Econ.  Biol.,  m,  2,  p.  37 
(1908). 

Habitat — Java. 

On  Qossypium  hirsutum. 

Hemichionaspis  flci  Green. 

Hemichionaspis  fici  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  37  (1908).    Fig. 
Habitat — Bengal . 
On  stems  of  Ficus  glomerata. 

Hemichionaspis  minima  Green. 

Hemichionaspis  minima  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  38  (1908).    Fig. 
Habitat — Bengal . 
On  leaves  of  "  Banian"  tree  (Ficus  sp.). 

Hemichionaspis  orlandi  Leonard  i. 

Hemichionaspis  orlandi  Leonardi,  Redia,  m,  p.  5  (1906).    Fig. 

orlandii  Lindgr.,  Ent.  Wochenblatt.,  xxiv,  5,  p.  19  (1907). 
Habitat — Brazil . 
"Underside  of  leaves  of  an  undetermined  plant." 

Pinnaspis  javaxdca  Leonardi. 

Pinnaspis  javanica  Leon.,  Annali  di  Agr.,  vn,  p.  17  (1907).    Fig. 
Habitat — Java. 
On  leaves  of  Ilex  sp. 

Pinnaspis  rombica  Leonardi. 

Pinnaspis  rombica  Leon.,  Annali  di  Agr.,  vn,  p.  16  (1907).    Fig. 
Habitat — Java. 
On  leaves  of  Persea  sp. 
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Genus  ACTENASPIS  Leonardi.    Type,  pusilla. 

Actenaspis  Leon.,  Annali  di  Agr.,  vi,  p.  25  (1906).    Fig. 
A  new  genus  from  Leucaspis  auctt. 

Genus  ANAMASPIS  Leonardi.    Type,  loewi. 

Anama8jris  Leon.,  Annali  di  Agr.,  vi,  p.  22  (1906).     Fig. 
A  new  genus  from  Leucaspis  auctt. 

Leucaspis  afflnis  Leonardi. 

Leucaspis  affinis  Leon.,  Annali  di  Agr.,  vi,  p.  4  (1906).    Fig. 
Habitat — France. 
On  Finns  sylvestris. 

Leucaspis  ephedra©  Marchal. 

Leucaspis  ephedrx  Marchal,  Bui.  Soc.  Zool.  France,  xxxrv,  p.  59  (1909). 
Habitat — A  lgeria. 
On  Ephedra  corsoniana. 

Leucaspis  indica  Marlatt. 

Leucaspis  indica  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  26  (1908).    Fig. 
Habitat — Miami,  Fla.,  and  Mayaguez,  P.  R.;  imported  from  India. 
On  mango. 

Leucaspis  pistaciee  Lindinger. 

Leucaspis  pistacix  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxm,  p.  403  (1906). 

Habitat — Cyprus. 

On  leaves  of  Pistacia  lentiscus. 
a Leucodiaspis  Sign.<Lindinger,  Jahrb.  Hamb.  wiss.  Anst.,  xxv  (1908).    Not  valid. 
Adiscofiorinia  (n.  g.  of  Fiorinia),  Leonardi,  Redia,  in,  pp.  17,  52  (1906). 
Anameflorinia  (n.  g.  of  Fiorinia),  Leonardi,  Redia,  in,  pp.  17,  48  (1906). 
Trulliflorinia  (n.  g.  of  Fiorinia),  Leonardi,  Redia,  m,  pp.  17,  41  (1906). 

Fiorinia  atalantiee  Leonardi. 

Fiorinia  (Adiscofiorinia)  atalanlix  Leon.,  Redia,  in,  p.  54  (1906).     Fig. 
Habitat — Ceylon . 
On  Atalantia  zeylanica. 

°  Lindinger  resurrects  Leucodiaspis  Sign,  for  Leucaspis,  and  assign's  to  it  all  the 
species  formerly  known  under  the  latter  name,  and  refers  to  Leucospis  Fab.,  Syst. 
Entom.,  p.  361,  Nr.  114  (1775)  (Hymenoptera).  The  latter  name  has  no  reference  or 
connection  with  Leucaspis  Targ.-Tozz.,  a  genus  of  Coccidae  erected  in  1869.  Leuco- 
diaspis credited  by  Signoret  [Ann.  Soc.  Ent.  France,  ix,  p.  99  (1869)]  to  Targioni- 
Tozzetti  is  an  error  in  spelling  and  of  no  value. 

The  following  reference  to  Leucaspis  appears  in  Atti  Soc.  Ital.  di  Sci.  Nat.,  xr,  p. 
734  (1869),  which  establishes  its  validity: 

"Coccidarum  Catalogus  Targ.-Tozz. 


Gen.  22.  Leucaspis  nob.  Gen.  n. 

Sp.  1.  Leucaspis  Candida  nob.     Diaspis  Candida  nob.  1867. 

Sp. 2.  Leucaspis Signoreti  nob.  n.  sp.  1868 (aD.  Signoret irecepta,  Pini  sp.  incola)." 
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Fiorinia  diaspiformis  Newstead. 

Fiorinia  diaspiformis  NewBt.  (sine  deecr.),  Liverpool  Univ.  Quart.  Jn.,  i,  2,  p.  74  (1906). 
diaspitiformis  Lindgr.  (sine  deecr.),  Ent.  Wochenblatt.,  xxiv,  5,  p.  20  (1907). 
diaspiformis  Newst.,  Jn.  Econ.  Biol.,  m,  2,  p.  35  (1908).    Fig. 
Habitat — Java. 
On  Piper  sp. 

Fiorinia  hirsuta  March  al. 

Fiorinia  Mrsuta  Marchal.  Bui.  Soc.  Ent.  Fr.,  p.  145  (1906). 
Habitat — Algeria. 
On  Nephelium  longana  and  other  Sapindacese. 

Fiorinia  juniper!  Leonard i. 

Fiorinia  juniperi  Leon.,  Redia,  in,  p.  39  (1906).    Fig. 
Habitat — Ceylon . 
On  Juniperus  bermudiana. 

Fiorinia  macroprocta  (Leonardi). 

Trullifiorinia  macroprocta  Leon.,  Annali  di  Agr.,  vn,  p.  19  (1907).    Fig. 
Habitat — Java. 
On  leaf  of  Raphis  flabelliformis. 

Fiorinia  odinro  Leonardi. 

Fiorinia  odinx  Leon.,  Redia,  m,  p.  24  (1906).    Fig. 
Habitat — Ceylon . 
On  Odina  woodice. 

Fiorinia  rubrolineata  Leonardi. 

Fiorinia  (Trullifiorinia)  rubrolineata  Leon.,  Redia,  in,  p.  44  (1906).    Fig. 
Habitat — Ceylon . 
On  Murraya  exotica. 

Fiorinia  tumida  Leonardi. 

Fiorinia  tumida  Leon.,  Redia,  m,  p.  38  (1906).    Fig. 
Habitat — Ceylon. 
On  Grewia  sp. 

Aspidiotus  africanus  Marlatt. 

Aspidiotus  (Diaspidiotus)  africanus  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  15 
(1908).    Fig. 
Habitat — South  Africa. 

On  fig;  apricot;  almond;  apple;  quince;  pear;  privet;  honey-locust  (Gleditsia 
triacanihos);  Schinus  molle;  Acacia  horrida;  Robinia  pseudacacia;  Rhus  sp. 

Aspidiotus  cecconi  (Leonardi). 

Hcmiberlena  cecconi  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  m,  p.  188  (1908).    Fig. 
Habitat — Sardinia. 
On  Osirys  alba. 

Aspidiotus  cocotiphagus  Marlatt. 

Aspidiotus  (AoniaHella)  cocotiphagus  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  ».  16,  Pt.  II,  p.  14 
(1908).    Fig. 
Habitat — Santiago  de  las  Vegas,  Cuba. 
On  Cocos  nucifera;  Citrus  Irifoliata. 
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Aspidiotus  comperei  Marlatt. 

Aspidiotu8  (s.  Btr.)  comperei  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  12  (1908). 
Fig. 
Habitat — W.  Australia. 
On  Hake  sp.  and  an  undetermined  plant. 

Aspidiotus  cortids-pini  Lindinger. 

Aspidiotus  corticis-pini  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  —  (1908). 
Habitat — Japan . 
On  Pinus  densifiora. 

Aspidiotus  coursetisB  Marlatt. 

Aspidiotus  (Diaspidiotus)  coursetim  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  20 
(1908).    Fig. 
Habitat — Mexico. 
On  Coursetia  glandulosa. 


Aspidiotus  densifiora  Bremner. 

Aspidiotus  densifiora  Bremner,  Can.  Ent.,  xxxix,  p.  366  (1907).    Fig. 
Habitat — California. 
On  leaves  of  Quercus  densifiora. 

Aspidiotus  eglandulosue  Lindinger. 

Aspidiotus  eglandulosus  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  —  (1908). 

Lindgr.,  Ber.  Stat.  f.  Pflanzensch.  Hamb.,  x,  p.  10  (1908). 
Habitat — Guatemala;  Panama. 
On  Cereus;  "auf  Kakteen." 

Aspidiotus  elroidis  Marchal. 

Aspidiotus  elxidis  Marchal  (sine  descr.)  Compt.  Rend.  Soc.  Biol.,  lxvi,  p.  587  (1909). 

Marchal,  Bui.  Soc.  Zool.  France,  xxxiv,  p.  69  (1909). 

Marchal,  Mem.  Soc.  Zool.  France,  xxn,  p.  179  (1909).    Fig. 
Habitat — Dahomey . 
On  oil  palm  (Elans  guineensis). 

Aspidiotus  epig8B8B  Marlatt. 

Aspidiotus  (Hemiberlesia)  epigssss  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  21 
(1908).     Fig. 
Habitat — Virginia;  Ohio. 
On  trailing  arbutus  (Epigsea  repens). 

Aspidiotus  herculeanus  Doane  and  Hadden. 

Aspidiotus  herculeanus  Doane  and  Hadden,  Can.  Ent.,  xli,  p.  298  (1909).    Fig. 
Habitat — Society  Islands. 
On  bark  of  unknown  plant. 

Aspidiotus  labiatarum  Marchal. 

Aspidiotus  (Evaspidiotus)  labiatarum  Marchal,  Compt.  Rend.  Ac.  Sci.,  Paris,  cxLvm, 
13,  p.  872  (1909). 
Habitat — Corsica. 
On  Stachys  glutinosa  and  Teucrium  capitatum. 
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Aspidiotus  lectularius  Green. 

Aspidiotus  lectularius11 Green  "  French  (sine  deecr.),  Victorian  Nat.,  urn,  p.  184  (1907). 
Habitat — Victoria,  Australia. 

Aspidiotus  meyeri  Marlatt. 

Aspidiotus  (a.  str.)  meyeri  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  13  (1908).   Fig. 
Habitat — Peking,  China. 
On  Abies  sp. 

Aspidiotus  mitehelli  Marlatt. 

Aspidiotus  (Hemiberlesia)  mitehelli  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  22 
(1908).    Fig. 
Habitat— Mitchell's  Pass,  South  Africa. 
"On  thick,  narrow,  slightly  oblanceolate  leaves  about  1}  in.  long." 

Aspidiotus  popularum  Marlatt. 

Aspidiotus  (Hemiberlesia)  popularum  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II, 
p.  23  (1908).    Fig. 
Habitat — Arizona;  New  Mexico. 
On  cottonwood  (Populus  sp.). 

• 
Aspidiotus  privignufl  Lindinger. 

Aspidiotus  privignus  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  v,  5, 7  &  8,  p.  151  (1909). 
Fig.  in  No.  5. 
Habitat — Italy;  Greece. 
On  Hypericum  coris;  Thymelxa  tarton  (?). 

Aspidiotus  trabuti  Marchal. 

Aspidiotus  (Hemiberlesia)  trabuti  Marchal,  Bui.  Soc.  Zool.  France,  xxxiv,  p.  59  (1909). 
Habitat — Algeria. 
On  Ephedra  altissima. 

Aspidiotus  transcaspiensis  Marlatt. 

Aspidiotus  (Diaspidiotus)  transcaspiensis  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II, 
p.  21(1908).    Fig. 
Habitat — Transcaspian  Russia. 
On  Populus  sp. 

Aspidiotus  vuilleti  Marchal. 

Aspidiotus  (Hemiberlesia)  vuilleti  Marchal,  Compt.  Rend.  Soc.  Biol.,  lxvi,  p.  587 

(1909). 
Marchal,  Bui.   Soc.    Zool.  France,  xxxiv,  p.  73 

(1909). 

Marchal,  M&n.  Soc.  Zool.  France,  xxu,  p.  178 

(1909).    Fig. 
Habitat — Senegal . 

On  branches  of  Balanites  sp. 

Aspidiotus  yulupsd  Bremner. 

Aspidiotus  yulupx  Bremner,  Can.  Ent.,  xxxix,  p.  367  (1907).    Fig. 
Habitat — California. 
On  Quercus  lobata. 
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Pseudaonidia  ferox  (Lindinger). 

Selenaspidus  ferox  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  xxvi,  pp.  4,  7  (1909).    Fig. 
Habitat — Gold  Coast,  West  Africa. 
On  Euphorbiaceae. 

Pseudaonidia  gracilis  (Lindinger). 

Selenaspidus  gracilis  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  xxvi,  pp.  4, 10  (1909).     Fig. 
Habitat — Kamerun,  West  Africa. 
On  leaves  of  Agelaia/ragrans  and  Tricalysia  sp. 

Pseudaonidia  greeni  Marlatt. 

Pseudaonidia  greeni  Marlatt,  Pr.  Ent.  Soc.  Wash.,  ix,  pp.  135,  138,  140  (1908). 
Habitat — Java. 
On  mangosteen  and  mango. 

Pseudaonidia  junctiloba  Marlatt. 

Pseudaonidia  junctiloba  Marlatt,  Pr.  Ent.  Soc.  W7ash.,  ix,  pp.  135,  138  (1908). 
Habitat — Victoria,  Australia. 
On  Acacia  sp. 

Pseudaonidia  kamerunica  (Lindinger). 

Selenaspidus  kamerunicus  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  pp.  4,  7  (1909). 
Fig. 
Habitat — Kamerun,  Wrest  Africa. 
On  palms. 

Pseudaonidia  lounsburyi  Marlatt. 

Pseudaonidia  {Selenaspidus)  lounsburyi  Marlatt,  Pr.  Ent.  Soc.  Wash.,  ix,  pp.  134,  136, 
139  (1908). 
Habitat — South  Africa. 
On  Mesembryanthemum  edule. 

Pseudaonidia  magna  (Lindinger). 

Selenaspidus  magnus  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  pp.  4,  9  (1909).    Fig. 
Habitat — Abyssinia. 
On  Euphorbia  sp. 

Pseudaonidia  silvatica  (Lindinger). 

Selenaspidus  silvaticus  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  pp.  4, 10  (1909).    Fig. 
Habitat — Kamerun,  West  Africa;  Amani,  East  Africa. 
On  Anacardiaceae;  Rinorea  exappendiculata;  Ficus  indica;  Bandeirsea  speciosa. 

Genus  FURCASPIS  Lindinger.    Type,  bi/ormis. 

Furcaspis  Lindgr.,  Berl.  Ent.  Zeitschr.,  ui,  pp.  98,  99  (1908). 

Includes  Furcaspis  (Aspidiotus)  biformis  (Ckll.)  and  F.  (Aspidiotus)  capensis 
(Walk.). 

Furcaspis  oceanica  Lindinger. 

Aspidiotus  biformis  Lindgr.,  Ber.  Stat.  f.  Pflanzensch.,  vi,  p.  44(1904).     In  part. 
Furcaspis  oceanica  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  v.  5,  p.  149  (1909).    Fig. 
in  Nos.  7  and  8. 

Habitat — Jaluit  Islands  in  Marshall  group. 

On  fruit  hulls  of  cocoanut. 
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Chrysomphalus  barbusano  Lindinger. 

Chrysomphalus  barbusano  Lindgr.,  Berl.  Ent.  Zeitschr.,  lii,  p.  101  (1908). 

Lindgr.,  Ber.  Stat.  f.  Pflanzensch.  Hamb.,  p.  8  (1908). 
Lindgr.,  Zeitschr.  f.  wise.  Insektenbiol.,  V,  4,  p.  105  (1909). 

Pig. 
Habitat — Teneriffe,  Canary  Islands. 
On  Phoebe  barbusano. 

Chrysomphalus  minutus  Kotinsky. 

Chrysomphalus  minutus  Kotinsky,  Pr.  Haw.  Ent.  Soc. ,  i,  pt.  5,  pp.  170-171  (1908).    Fig. 
Habitat — Singapore. 
On  leaf  of  undetermined  plant. 

ChrysomphaluB  propsimus  Banks. 

Chrysomphalus  propsimus  Banks,  Philippine  Jn.  Sci.,  i,  3,  pp.  221,  230  (1906).    Fig. 
Habitat — Philippines. 
On  leaves  of  Cocos  nucifera. 

Chrysomphalus  taxus  (Leonardi). 

Aonidiella  aurantii  (Mask.)  Berl.  &  Leon.,  Cherm.  Ital.,  Fasc.  i,  no.  23  (1895). 
taxus  Leon.,  Redia,  in,  p.  1  (1906).    Fig. 

Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  p.  131  (1907).    Fig. 
Habitat — Italy. 
On  Taxus  baccata. 

Chrysomphalus  triglandulosus  Green. 

Aspidiotus  (Chrysomphalus)  triglandulosus  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  33 

(1908).    Fig. 

Mem.  Dep.  Ag.  India,  n,  7,  p.  134 

(1908). 
Habitat — Bombay. 

On  leaves  of  undetermined  tree. 

Targionia  alni  Marchal. 

Targionia  alni  Marchal,  Compt.  Rend.  Ac.  Sci.,  Paris,  cxliii,  13,  p.  872  (1909). 
Habitat — France. 
.    On  Alnus  glutinosa* 

Targionia  chenopodii  Marlatt. 

Aspidiotus  (Targionia)  chenopodii  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  24 
(1908).     Fig. 

Habitat — Coolabah,  New  South  Wales. 
On  Chenopodium. 

Targionia  vitis  suberi  Leonardi. 

Targionia  vitis  var.  suberi  Leon.,  Bol.  Lab.  Zool.  Sc.  Sup.  Portici,  p.  166  (1907).     Fig. 
Habitat — Sardinia. 
On  Querent  suber. 

Odonaspis  graminis  Bremner. 

Odonaspis  graminis  Bremner,  Can.  Ent.,  xxxix,  p.  368  (1907).    Fig. 
Habitat — Cal  if ornia. 
On  roots  of  grass. 
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Odonaspis  ruth®  Ehrhorn. 

Odonaspis  ruthse  Ehrh.  (sine  deecr.),  2d  Bien.  Rep.  Com.  Hort.  Cal.,  p.  26  (1907). 
Habitat — Hawaii;  California  (at  quarantine). 
On  grass. 

Paeudoparlatoria  ohilina  Lindinger. 

Pseudoparlatoria  chilina  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  —  (1908). 
Habitat— Chile. 
On  Saxegothssa  conspicua. 

Aonidia  glandulosa  Newstead. 

Aonidia  glandulosa  Newst.,  Draper  (sine  deecr.),  Scale  Ins.  of  Egypt,  p.  11  (1907). 
Habitat— Egypt. 
On  "sunt"  tree  (Acacia  arabica  var.  nilotica). 

Aonidia  juniper!  Marlatt. 

Aonidia  juniperi  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  24  (1908).    Fig. 
Habitat— Utah. 
On  Juniperus  sp. 

Aonidia  perplexa  Green. 

Aonidia  perplexa  Green,  Jn.  Bomb.  N.  H.  Soc.,  xni,  p.  252  (1902).    Fig. 

Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  v,  4,  p.  109  (1909). 
Habitat — Ceylon. 
On  leaves  of  Mesuaferrea. 

Aonidia  picea  Leonard i. 

Aonidia  picea  Leon.,  Redia,  in,  p.  6  (1906).    Fig. 
Habitat — Spain. 
On  Billartia  officinalis. 

Aonidia  pinicola  Leonard i. 

Aonidia  pinicola  Leon.,  Annali  di  Agr.,  vi,  p.  3  (1906).    Fig. 
Habitat — Spain. 
On  Pinus  sylvestris. 

Gymnaspia  clusise  Lindinger. 

Gymnaspi8  clusix  Lindgr.,  Deutsche  Ent.  Zeitschr.,  l,  p.  153  (1909).    Fig 
Habitat — Jamaica . 
On  leaves  of  Clusia  sp. 

Lepidosaphes  auriculata  (Green). 

Mytilaspis  auriculata  Green,  Tr.  Linn.  Soc.  Lond.,  xn,  pt.  2,  p.  205  (1907).     Fig. 
Habitat — Seychelles. 
On  "croton." 

Lepidosaphes  beckii  olero  Leonardi. 

Lepidosaphes  beckii  var.  olex  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  in,  p.  193  (1908).     Fig, 
Habitat — Sardinia. 
On  roots  of  olive. 

Lepidosaphes  beyeriro  (Green). 

Mytilaspis  beyerias  "Green"  French  (sine  descr.),  Victorian  Nat.,  xxm,  p.  184  (1907). 
Habitat — Victoria,  Australia. 
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Lepidosaphes  bioolor  Newstead. 

Mytilaspis  (Lepidosaphes)  tricolor  Newst.  (sine  descr.),  Liverpool  Univ.  Quart.  Jn.,  i, 

2,  pp.  71,  72  (1906). 

Newst.  (sine  descr.),  Scale  Insects  of  Egypt,  p.  15 

(1907). 
Habitat — Egypt. 

"On  an  unknown  plant." 

Lepidosaphes  chilopsidis  (Marlatt). 

UytHaspis  chilopsidis  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  27  (1908).    Fig. 
Habitat — Mexico. 
On  Chilopsis  linearis. 

Lepidosaphes  destefanii  Leonard  i. 

Lepidosaphes  destefanii  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,  p.  167  (1907).    Fig. 
Habitatr-Italy. 
On  PkUlyrea  media. 

Lepidosaphes  flxafoliao  ulmicola  Leonardi. 

Lepidosaphes  fidfolise  var.  ulmicola  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  i,  p.  168  (1907). 
Fig. 
Habitat— Italy. 
On  leaves  of  Ulmus. 

Lepidosaphes  longula  Leonardi. 

Lepidosaphes  longula  Leon.,  Annali  di  Agr.,  vu,  p.  20  (1907).    Fig. 
Habitat — Java. 
On  leaves  of  Persea  sp. 

Lepidosaphes  mcgregori  Banks. 

Lepidosaphes  mcgregori  Banks,  Philippine  Jn.  Sci.,  i,  3,  pp.  222,  233  (1906).    Fig. 
Habitat — Philippines. 
On  leaves  of  Cocos  nucifera. 

Lepidosaphes  ocellata  (Green). 

Mytilaspis  ocellata  Green,  Tr.  Linn.  Soc.  Lond.,  xn,  pt.  2,  p.  206  (1907).    Fig. 
Habitat — Seychelles . 
On  fronds  of  Davallia  sp. 

Lepidosaphes  piperis  (Green). 

Mytilaspis  piperis  Green,  Mem.  Dep.  Ag.  India,  n,  2,  p.  34  (1908).    Fig. 
Habitat — Madras,  India. 
On  young  stems  of  Piper  nigrum. 

«  Lepidosaphes  serrifrons  (Leonardi). 

Mytilaspis  serrifrons  Leon.,  Riv.  Pat.  Veg.,  vi,  pp.  118  (276),  121  (279)  (1897).    Fig. 

Ckll.,  Bui.  111.  St.  Lab.  N.  H.,  v,  Art.  xii,  p.  397  (1899). 

Leon.,  Annali  di  Agr.,  v,  pp.  45,  48  (1903).    Fig. 
Habitat^Italy. 
On  Croton  undulatum  and  C.  majesticum. 

*  This  species  apparently  has  been  omitted  in  the  Fernald  catalogue  and  the  writer's 
first  supplementary  catalogue  (1906). 
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Lepidosaphee  unicolor  Banks. 

Lepidosaphes  unicolor  Banks,  Philippine  Jn.  Sci.,  i,  3,  pp.  222,  234  (1906).    Fig. 
Habitat — Philippines. 
On  leaves  of  Cocos  nucifera. 

Parlatoria  chinensis  Marlatt. 

Parlatoria  chinensis  Marlatt,  Bui.  U.  S.  Biir.  Ent.,  t.  s.  16,  Pt.  II,  p.  30  (1908).     Fig. 
Habitat — China;  Japan;  Egypt. 
On  crab-apple;  Hibiscus,*  Xanthoxylon;  Thuja  orientalis. 

Parlatoria  cinerea  Doane  &  Hadden. 

Parlatoria  cinerea  Doane  &  Hadden,  Can.  Ent.,  xu,  p.  299  (1909).    Fig. 
Habitat — Society  Islands. 
On  bark  of  orange  tree  and  on  cultivated  vine. 

Parlatoria  greeni  Banks. 

Parlatoria  greeni  Banks,  Philippine  Jn.  Sci.,  i,  3,  pp.  222,  231  (1906).    Fig. 
Habitat — Philippines. 
On  leaves  of  Cocos  nucifera. 

Parlatoria  mangifersB  Marlatt. 

Parlatoria  mangiferx  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  28  (1908).     Fig. 
Is  a  synonym  of  P.  pseudaspidiotus  Lindgr.,  Insekten  Borse,  xxn,  33,  p.  131  (1905). 

Parlatoria  pyri  Marlatt. 

# 

Parlatoria  pyri  Marlatt,  Bui.  U.  S.  Bur.  Ent.,  t.  s.  16,  Pt.  II,  p.  29  (1908).    Fig. 
Habitat — China;  Manchuria. 
On  apple;  pear. 


CORRECTIONS  TO  CATALOGUE  I  (1906). 

Page    2.  Icerya  colimensis  Ckll.,  Mem.  Soc.  Cient.  Ant.  Alz.,  xvm,  p.  81  (1902). 

Icerya  tonilensis  Ckll.,  Mem.  Soc.  Cient.  Ant.  Alz.,  xvin,  p.  80  (1902). 

Icerya  rileyi  larrex  Ckll.,  Mem.  Soc.  Cient.  Ant.  Alz.,  xvm,  p.  82  (1902). 
Page   4.  Trionymus  hordei  (Lindeman). 

Page    5.  Pseudococcus  elongatus  Reuter,  corrected  in  Catalogue  II,  p.  40. 
Page  10.  Chtonaspis  angusta  Green  for  Ch.  angustata. 
Page  14.  A8pidiotus  riverse  Ckll.,  Ent.  News,  xvi,  p.  161  (1905). 
Page  15.  Chrysomphalus  malleolus  Green=Pseudaonidia  malleolus  (Green). 
Page  16.  Femaldella  for  Fernaldiella. 

Attention  should  be  called  to  the  fact  that  Femaldella  Leonardi  is  preoccupied  in 
Lepidoptera. 
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Allg.  Zeits.  f .  Ent. — Allgemeine  Zeitschrift  fur  Entomologie. 

Agr.  News  West.  Ind. — Agricultural  News.    West  Indies. 
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CATALOGUE  OF  BECEOTLY  DESCRIBED  COCCIDJE— in. 

By  E.  R.  Sasscer,  Scientific  Assistant. 

Since  the  publication,  December  22, 1909,  of  Tech.  Ser.  16,  Part  III, 
'  'Catalogue  of  Recently  Described  Coccidae — II, "  by  Mr.  J.  G.  Sanders, 
3  new  subgenera,  98  new  species,  and  5  new  varieties  have  been 
recorded  by  workers  on  scale  insects.  In  all,  some  23  new  genera,  9 
new  subgenera,  430  new  species,  and  41  new  varieties  have  been 
recorded  from  various  quarters  of  the  globe  since  the  publication  of 
Mrs.  Fernald's  valuable  contribution  in  1903. 

Owing  to  the  large  amount  of  literature  relating  to  entomology 
which  is  published  daily  and  to  the  fact  that  some  entomologists 
describe  species  in  periodicals  which  do  not  relate  to  insect  life,  it 
is  the  earnest  request  of  the  writer  that  all  workers  on  Coccidro  send  to 
the  Bureau  of  Entomology  separates  of  their  papers  and  as  far  as  pos- 
sible any  available  material.  This  list  is  believed  to  be  fairly  com- 
plete up  to  March,  1911,  and  any  corrections  or  omissions  are  solicited 
from  coworkers. 

In  examining  the  voluminous  literature  the  writer  was  greatly 
assisted  by  Miss  Mabel  Colcord,  librarian  of  the  bureau,  and  he  is 
equally  indebted  to  Prof.  T.  D.  A.  Cockerell  for  his  many  valuable 
suggestions. 

All  species  marked  with  an  asterisk  are  represented  in  the  National 
Collection  of  Coccidae. 

Subfamily  MONOPHLEBINJE. 

Monophlebus  sjtfstedti  Newetead. 

MonophUbus  sjostedti  Newst.,  Kilimandjaro-Meru  Exp.,  12  (1  Coccidae),  p.  2  (1908). 

Fig. 
Habitat — Kilimandjaro . 

Monophlebus  pallidus  Newstead. 

Monophlebus  pallidas  Newst.,  Kilimandjaro-Meru  Exp.,  12  (1  Coccidae),  p.  3  (1908). 

Fig. 
Habitat — Kilimandjaro. 

Walkeriana  africana  Newetead. 

Walkeriana  africana  Newst.,  Kilimandjaro-Meru  Exp.,  12  (1  Coccidae),  p.  4  (1908).    Fig. 
Habitat — Kilimandjaro. 
On  grass, 
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Subfamily   DACTYLOFII1UE. 

Asterolecanium  oexiferum  Green. 

Asterolecanium  eeriferum  Green,  Cocc.  Ceylon,  iv,  p.  324  (1909).    Fig. 
Habitat — Ceylon. 
On  leaves  of  palm. 

Asterolecanium  eeriferum  prominens  Green. 

Asterolecanium  eeriferum  prominens  Green,  Cocc.  Ceylon,  rv,  p .  326  (1909) .    Fig. 
Habitat — Ceylon. 
On  Oxytenanthera  thwaiUsii. 

Asterolecanium  ooronatum  Green. 

*  Asterolecanium  ooronatum  Green,  Cocc.  Ceylon,  rv,  p.  327  (1909).    Fig. 
Habitat — Ceylon. 
On  Dendrocalamus  giganieus  and  Gigantochloa  aspera. 

Asterolecanium  exiguum  Green. 

Asterolecanium  exiguum  Green,  Cocc.  Ceylon,  iv,  p.  315  (1909).    Fig. 
Habitat — Ceylon . 
On  under  surface  of  leaves  of  bamboo. 

Asterolecanium  flavociliatum  Green. 

Asterolecanium  Jlavociliatum  Green,  Cocc.  Ceylon,  rv,  p.  322  (1909).    Fig. 
Habitat — Ceylon . 
On  Arundinaria  sp. 

Asterolecanium  lanceolatum  Green. 

Planchonia  miliaris  longa  Green  (part),  Ind.  Mus.  Notes,  iv,  p.  5  (1896). 
1  Asterolecanium  lineare  Green,  Cocc.  Ceylon,  iv,  p.  336  (1909).    Fig. 

lanceolatum  Green,  Cocc.  Ceylon,  iv,  preface  (1909). 

Habitat — Ceylon. 

On  leaves  of  Arundinaria  sp. 

» 

Asterolecanium  paganise  Euwana  and  Cockerell. 

Asterolecanium  pasanise  Euwana  and  Ckll.,  Jn.  N.  Y.  Ent.  Soc,  zvn,  4,  p.  152  (1909). 
Fig. 
Habitat — Japan. 
On  Pasania  cuspidata. 

Asterolecanium  pudibundum.  Green. 

Asterolecanium  pudibundum  Green,  Cocc.  Ceylon,  rv,  p.  323  (1909).    Fig. 
Habitat — Ceylon . 
On  Arundinaria  sp. 

Asterolecanium  pustulans  seych  oil  arum  Green. 

Asterolecanium  pustulans  seychellarum  Green,  Jn.  Econ.  Biol.,  t,  1,  p.  3  (1910).    Fig. 
Habitat — Seychelles  Islands. 
On  Hevea  brasiliensis. 

I  m 

i  A.  lineare  was  first  proposed  for  this  species,  but  was  subsequently  changed  by  the  author  to  A.  kmceth 
latum,  since  the  former  was  preoccupied  by  a  species  described  by  Lindinger  on  coconut  palms  from  Brasfl. 
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Asteroleoanium  rubrooomatum  Green. 

^AsUrolecanium  rubrocomatum  Green,  Cocc.  Ceylon,  iv,  p.  316  (1909).    Fig. 
Habitat — Ceylon. 
On  upper  surface  of  leaves  of  Bambuaa  sp. 

Asteroleoanium  teniiissimum  Green. 

Asterolccanium  tenuissimum  Green,  Cocc.  Ceylon,  iv,  p.  318  (1909).    Fig. 
Habitat — Ceylon. 
On  bamboo,  both  surfaces  of  leaves. 

Asteroleoanium  thespesiss  Green. 

^AsUrolecanium  thespesix  Green,  Cocc.  Ceylon,  iv,  p.  331  (1909).    Fig. 
Habitat — Ceylon. 
On  Thespesia  populnea. 

Asteroleoanium  tumidum  Green. 

AsUrolecanium  tumidum  Green,  Cocc.  Ceylon,  rv,  p.  330  (1909).    Fig. 
Habitat — Ceylon . 
On  leaves  of  bamboo. 

Asteroleoanium  udagamse  Green. 

AsUrolecanium  udagamse  Green,  Cocc.  Ceylon,  iv,  p.  319  (1909).    Fig. 
Habitat — Ceylon . 
On  leaf  of  bamboo. 

Asteroleoanium  variolosum  minor  Leonard i. 

AsUrolecanium  variolosum  minor  Leonardi  (sine  descr.),  Cherm.  Ital.,  v,  No.  107(1909), 
Habitat— Italy. 
On  Quercus  sp. 

Lecaniodiaspifl  azadirachtae  Green. 

Lemmodiaspis  azadirachtae  Green,  Cocc.  Ceylon,  iv,  p.  298  (1909).    Fig. 
Habitat — Ceylon . 
On  ' '  margosa ' '  (AzadirocJUa  indica). 

Leoaniodiaapis  malaboda  Green. 

*Lecaniodiaspis  malaboda  Green,  Cocc.  Ceylon,  iv,  p.  300  (1909).    Fig. 
Habitat — Ceylon . 
On  " malaboda "  (Myristica  laurifolia)  and  Bocagea  obliqua. 

Cerococcus  alboapicatus  Green. 

*Cerococcus  albospicatus  Green,  Cocc.  Ceylon,  iv,  p.  308  (1909).    Fig. 
Habitat — Ceylon . 
On  bark  of  Symplocos  obtusa. 

Cerococcus  indicus  Green. 

Cerococcus  indicus  Green,  Jn.  Econ.  Biol.,  v,  1,  p.  5  (1910).    Fig. 
Habitat — India. 
On  HelicUres  isora. 

Cerococcus  ornatus  Green. 

Cerococcus  ornatus  Green,  Cocc.  Ceylon,  iv,  p.  306  (1909).    Fig. 
Habi  tat — Ceylon . 
On  Coffea  arabica  and  Carissa  sp. 
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Cerocooous  roseus  Green. 

*Cerococcu8  roseus  Green,  Cocc.  Ceylon,  iv,  p.  310  (1909).    Fig. 
Habitat — Ceylon. 
On  undetermined  tree. 

Stictococcus  dimorphus  NewBtead. 

Stictococcus  dimorphus  Newst.,  Bui.  Ent.  Res.,  i,  i,  p.  63  (1910).    Fig. 
Habitat — German  East  Africa. 
On  cacao  pods. 

Stictococcus  formicariuB  Newstead. 

Stktococcu8formicariu8  Newst.,  Jn.  Econ.  Biol.,  v,  1,  p.  19  (1910).    Fig. 
Habitat — Upper  Congo,  Africa. 

In  hollow  stems  of  Barteria  fistuhsa  and  Cuviera  angolcnsis  attended  by  Sima 
spininoda  Andre\ 

Phenacoccus  oleae  Marchal. 

PhenacocciLS  oleae  Marchal,  Bui.  Soc.  Ent.  Fr.,  No.  13,  p.  244  (1910). 
Habitat — Tunisie. 
On  olive  attended  by  a  Cremastogaster. 

Ceroputo  ambigua  Fullaway. 

Ceroputo  ambigua  Fullaway,  Pr.  Haw.  Ent.  Soc.,  n,  2,  p.  73  (1909). 

Fullaway,  Pr.  Dav.  Acad.  Sci.,  xn,  p.  223  (1910).     Fig. 
Habitat — California. 
On  pickle  weed  (Salicomia  ambigua). 

Pseudococcus  ananassce  Kuwana. 

Dactylopius  (Pseudococcus)  ananassx  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,    4,  p.  162 
(1909).     Fig. 
Habitat — Japan. 
On  pineapple. 

Pseudococcus  bakeri  Essig. 

Pseudococcus  bakeri  Essig,  Pom.  College  Jn.  Ent.,  n,  4,  p.  334  (1909).    Fig. 
Habitat — California. 

On  elder  (Sainbucus  glance);  walnut  (Juglans  regia);  apple  (Pyrus  malus);  pear 
( Pyrus  communis ) . 

Pseudococcus  boninsis  Kuwana. 

Dactylopius  (Pseudococcus)  boninsis  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvh,  4,  p.  161 
(1909).     Fig. 
Habitat — Japan. 
On  sugar  cane. 

Pseudococcus  coccineus  Newstead. 

Dactylopius  coccineus  Newst.,  Kilimandjarc-Meru  Exp.,  12  (1  Coccidse),  p.  8  (1908). 

Fig. 

Habitat — Kilimandjaro. 

On  Acacia. 

Pseudococcus  missionum  Cockerell. 

Pseudococcus  missionum  Ckll.,  The  Entom.,  xlii,  563,  p.  113  (1910). 
Habi  tat — Argentina . 
On—? 
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Pseudococcus  pernicioaus  Newstead  and  Willcocks. 

Daetylopius  pemidosus  NewBtead  and  Willcocks,  Bui.  Ent.  Res.,  i,  2  (Appendix  1), 

pp.  13&-140,  July,  1910.    Fig. 

Willcocks,  Bui.  Ent.  Res.,  I,  2,  pp.  121-137,  July,  1910.    Fig. 

Hughes,  Bui.  Ent.  Res.,  i,  2,  Appendix  II,  p.  141,  July,  1910. 
Habitat — Egypt. 

On lebbek  (AUrizzia  lebbek);  cotton  (Gfossypium  sp.);  Christ's  thorn  (Zizyphus  spina- 

christt);  sunt  tree  (Acacia  arabica). 

Ripersia  anomala  Newstead. 

Ripersia  anomala  Newst.,  Kilimandjaro-Meru  Exp.,  12  (1  Coccidae),  p.  9  (1908). 

Fig. 
Habitat — Kilimanjaro . 
Under  bark  accompanied  by  Pheidole  megacephala. 

Ripersia  agasawarensis  Kuwana. 

««. 

Ripersia  agasawarensis  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  161  (1909).    Fig. 
Habitat — Japan. 
On  Miscanthus  sp. 

Ripersia  wmithii  Essig. 

Ripersia  smithii  Essig,  Pom.  College  Jn.  Ent.,  n,  2,  p.  218  (1910).    Fig. 
Habitat — California. 
On  wild  rye  (Elymus  condensatus). 

Ripersiella  rhizophilla  Fullaway  and  Kotinsky. 

1  Ripersiella  rhizophilla  Fullaway  and  Kotinsky  (sine  descr.),  Ent.  News,  xxi,  1,  p. 
49  (1910). 

Pollinia  ceylonica  Green. 

Pollinia  ceylonica  Green,  Cocc.  Ceylon,  rv,  p.  341  (1909).    Fig. 
Habitat — Ceylon . 
On  under  surface  of  undetermined  trees  in  dense  jungle. 

Ceroplastidia  Cockerell,  n.  subg.  of  Ceroplastes.    Type,  bruneri  Ckll. 

Cockerell,  Can.  Ent.,  xlii,  3,  p.  76  (1910). 
Ceroplastina  Cockerell,  n.  subg.  of  Ceroplastes.    Type,  lahillei  Ckll. 

Cockerell,  Can.  Ent.,  xlu,  3,  p.  76  (1910). 

Ceroplastes  ileus  Newstead. 

Ceroplastes  ficus  Newst.,  Bui.  Ent.  Res.,  i,  3,  p.  190  (1910).    Fig. 
Habitat — German  East  Africa. 
On  bark-cloth  (Ficus  sp.). 

Ceroplastes  lahillei  Cockerell. 

Ceroplastes  (Ceroplastina)  lahillei  Ckll.,  Can.  Ent.,  xlu,  3,  p.  74  (1910).    Fig. 
Habitat — Argentina. 

Ceroplastes  quadrilineatus  Newstead. 

Ceroplastes  quadrilineatus  Newstead,  Bui.  Ent.  Res.,  i,  3,  p.  193  (1910).    Fig. 
Habitat — British  East  Africa. 
On  Anona  muricata;  bark-cloth  (Ficus  sp.). 

1  Reduced  to  synonym  of  Qcococcus  radicum  Green  by  David  T.  Fullaway,  Pr.  Haw.  Ent.  Soc.,  n,  5, 
p.  106  (1910). 
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Ceroplastes  singularis  Newstead. 

,Ceropia$Us  singular*  Newatead,  Bui.  Ent.  Res.,  i,  3,  p.  188  (1910).    Fig. 
Habitat — British  East  Africa. 
On  guava  {Psidium  guava). 

Ceroplastodes  chiton  Green. 

Ceroplastodes  chiton  Green  (sine  descr.),  Mem.  Dep.  Ag.  India,  n,  2,  p.  32  (1908). 

Sanders,  Catalogue  CoccicUe — II,  p.  45  (1909). 

Green,  Cocc.  Ceylon,  iv,  p.  287  (1909).    Fig. 
Habitat — India  and  Ceylon. 
On  Cajanus  indicus  and  Cassia  sp. 

Ceroplastodes  virescens  Green.       , 

Ceroplastodes  virescens  Green,  Cocc.  Ceylon,  iv,  p.  288  (1909).    Fig. 
Habitat — Ceylon. 
On  terminal  shoots  of  Theobroma  cacao. 

Subfamily  COCCINJS. 

Ceronema  koebeli  Green. 

*Ceronema  koebeli  Green,  Cocc.  Ceylon,  iv,  p.  256  (1909).     Fig. 
Habitat — Ceylon . 
On  Sapium  sebiferum. 

Pulvinaria  cellulosa  Green. 

^Pulvinaria  cellulom  Green,  Cocc.  Ceylon,  iv,  p.  262  (1909).    Fig. 
Habitat — Ceylon . 
On  Citrus  sp. 

Pulvinaria  ixorsB  Green. 

Pulvinaria  ixorx  Green,  Cocc.  Ceylon,  iv,  p.  266  (1909).    Fig. 
Habitat — Ceylon . 
On  Ixora  coccinea. 

Pulvinaria  occidentalis  subalpina  Cockerell. 

^Pulvinaria  occidentalis  subalpina  Ckll.,  Jn.  Econ.  Ent.,  in,  5,  p.  428  (1910). 
Habitat — Colorado. 
On  Betula  glandulosa. 

Pulvinaria  thespesise  Green. 

*Pulvinaria  thespesix  Green,  Cocc.  Ceylon,  rv,  p.  259  (1909).    Fig. 
Habitat — Ceylon. 
On  "suriya"  (Thespesia  populnea). 

Protopulvinaria  longivalvata  Green. 

Protopulvinaria  longivalvata  Green,  Cocc.  Ceylon,  iv,  p.  254  (1909).    Fi£ 
Habitat — Ceylon. 
On  leaves  of  Piper  nigrum. 

Coccus  celtium  Kuwana. 

mum  (Coccus)  celtium  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvu,  4,  p.  162  (1909).    Fig. 
Habitat — Japan. 
On  Celtis  sinensis. 
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Goocus  fukayai  Kuwana. 

Lecanium  (Qoccus)  futayai  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  164  (1909).    Fig. 

Habitat — Japan. 

On  vine. 

Coccus  muiri  Eotinsky. 

1  Coccus  tuberculatum  Kotinsky,  Pr.  Haw.  Ent.  Soc.,  i,  5,  p.  168  (1908).    Fig. 

Sanders,  Catalogue  Coccidse — II,  p.  45  (1909). 
Coccus  muiri  Kotinsky,  Pr.  Haw.  Ent.  Soc.,  n,  2,  p.  37  (1909). 

Habitat — Singapore. 

On  leaves  of  unknown  tree. 

Coccus  ochnaceae  Kuwana. 

Lecanxum  {Coccus)  ochnacese  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  154  (1909).    Fig. 
Habitat — Japan. 
On  Eurya  ochnacea. 

Hemilecanium  recurvation  Newstead. 

Hemxlecanium  recurvatum  Newst.,  Jn.  Econ.  Biol.,  v,  1,  p.  18  (1910).    Fig. 
Habitat — Upper  Congo,  Africa. 
In  hollow  stems  of  Plectronia  laurcntii  DeWild  attended  by  Cremastogaster. 

Neolecanium  crustuliforme  Green. 

Neolecanium  crustuliforme  Green,  Cocc.  Ceylon,  iv,  p.  252  (1909).    Fig. 
Habitat — Ceylon . 
On  small  branches  of  undetermined  tree. 

Lecanium  mori  var.  somereni  Newstead. 

Lecanium  mori  var.  somereni  Newst.,  Bui.  Ent.  Res.,  i,  3,  p.  187  (1910). 
Habitat — British  East  Africa. 
On  Moras  sp. 

Lecanium  resinatum  Kieffer  and  Herbst. 

Lecanium  resinatum  Kieffer  and  Herbst,  Centr.  f.   Bakt.  Par.  u.  Infekt.,  zweite 
Abt.,  xxra,  1-5,  p.  122  (1909). 
Habitat— Chile. 
On  Baccharis  rosmarinifolia. 

Saissetia  pseudonigrum  Kuwana. 

Lecanium  (Saissetia)  pseudonigrum  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  162 
(1909).    Fig. 
Habitat— Japan . 
On  "ahirotsugi." 

Saissetia  sideroxylium  Kuwana. 

Lecanium  (Saissetia)  sideroxylium  Kuwana,  Jn.  N.  Y.  Ent.  Soc,  xvn,  4,  p.  162  (1909). 
Fig. 
Habitat — Japan . 
On  Sideroxylonferrugineum. 

Aclerda  distorts,  Green. 

*Aderda  distorta  Green,  Cocc.  Ceylon,  iv,  p.  290  (1909).    Fig. 
Habitat — Ceylon. 
Beneath  the  ensheathing  bases  of  leaves  of  Arundinaria  sp. 

t  Specific  name  preoccupied. 
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Takahaehia  dtricola  Kuwana. 

Takahashia  citricola  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  153  (1909).     Fig. 

Habitat — Japan. 

On  Citrus  sp. 

Lichtenaia  japonica  Kuwana. 

Lichtensia  japonica  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  152  (1909).     Fig. 
Habitat— Japan . 
On  Thea  japonica.  * 

Ingliwia  chelonioides  Green. 

Inglisia  chelonioides  Green,  Cocc.  Ceylon,  rv,  p.  283  (1909).    Fig. 
Habitat — Ceylon. 
On  Gelonium  lanceolatum. 

Inglisia  conchiformis  Newstead. 

Inglisia  conchiformis  Newst.,  Bui.  Ent.  Res.,  i,  3,  p.  185  (1910).     Fig. 
Habitat — West  Africa  and  British  East  Africa. 
On  Averrhoa  carambola  and  Harogana  madagascariensis. 

Subfamily  DIASPIN^J. 

Chionaspis  dentilobis  Newstead. 

Chionaspis  dcntilobis  Newst.,  Bui.  Ent.  Res.,  i,  3,  p.  195  (1910).     Fig. 
Habitat — British  East  Africa. 
"On-?" 

Chionaspis  kinshinensis  Kuwana. 

Chionaspis  kinshinensis  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  155  (1909).     Fig. 
Habitat — Japan. 
On  Quercus  sp. 

Chionaspis  sassceri  Cockerell  and  Robbing. 

*  Chionaspis  sassceri  Ckll.  and  Robb.,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  3,  p.  105  (1909).     Fig. 

Habitat — California. 

On  orange. 

Chionaspis  substriata  Newstead. 

Chionaspis  substriata  Newst.,  Bui.  Ent.  Res.,  i,  3,  p.  197  (1910).    Fig. 

Habitat — British  East  Africa. 

On  palms. 

Diaspis  africana  Lindinger. 

Diaspis  africana  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  22  (1909).     Fig. 
Habitat — South  Africa. 
On  leaves  of  Connarum  snuathmanni  and  Syzygium  guineense. 

Diaspis  (P)  chionaspiformis  Newstead. 

Diaspis  (?)  chionaspiformis  Newst.,  Bui.  Ent.  Res.,  i,  3,  p.  198  (1910).    Fig. 
Habitat — British  East  Africa. 
On  an  unknown  plant. 

Diaspis  pugionif  era  Lindinger. 

Diaspis  pugionifera  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  24  (?.909).     Fig. 
Habitat — South  Africa. 
On  leaves  of  Mitragyne  macrophylla. 
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Diaapis  atiloaa  Lindinger. 

Diaspis  stilosa  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  xxvi,  p.  25  (1909).    Fig. 
Habitat — South  Africa. 
On  leaves  of  Strychnos  cinnabarina . 

Leucaapia  indiaa-orientatta  Lindinger. 

1  Leucodiaspis  indix-orientalis  Lindgr.  (sine  descr.),  Zeitschr.  f.  wise.  Insektenbiol., 
vi,  11,  p.  373  (1910). 
Habitat — India. 
On  Pintu  sp. 
Cryptodiaapia  Lindinger,  n.  subg.  of  Diaspis.    Type,  confer  vans. 

Lindinger,  Jahrb.  Hamb.  wise.  Anst.,  xxvi,  p.  26  (1909). 

Diaapis  conaervana  Lindinger. 

Diaspis  (Cryptodia8pis)  conservans  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  26 
(1909).    Fig. 
Habitat — South  America. 
On  leaves  of  Euphorbiacese. 

Diaapis  hamata  Lindinger. 

Diaspis  (Cryptodiaspis)  hamata  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  28  (1909). 
Fig. 
Habitat — South  Africa. 
On  leaves  of  Macrolobium  zenkeri. 

Diaapia  limuloidea  Lindinger. 

Diaspis  (Cryptodiaspis)  limuloidea  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  30 
(1909).    Fig. 
Habitat — South  Africa. 
On  leaves  of  Cynometra  sp.  with  Aonidia  biafrse  Lindgr. 

Aapidiotua  arctostaphyli  Cockerell  and  Bobbins. 

Aspidiotus  arctostaphyli  Ckll.  and  Robb.,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  3,  p.  104  (1909). 
Fig. 
Habitat — California. 
On  leaves  of  Arctostaphylos  viscida. 

Aapidiotua  flaaidena  Lindinger. 

Aspidiotus  fissidens  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  14  (1909).    Fig. 
Habitat — South  Africa. 
On  leaves  of  Parinarium  gabunense  and  Strychnos  cinnabarina. 

Aapidiotua  msaandriua  Lindinger. 

Aipidiotus  mmandrius  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  15  (1909).    Fig. 
Habitat — South  Africa. 
On  leaf  of  Dichapetalum  sp. 

Aapidiotua  mori  Herrick. 

*  Aspidiotus  (Diaspidiotus)  mori  Herrick,  Ent.  News,  xxi,  1,  p.  22  (1910).    Fig. 
Habitat — Texas. 
On  Morus  rubra. 

>  LcucodiotpU  Is  not  valid.    See  Bui.  U.  S.  Bur.  Ent.,  Tech.  Ser.  16,  Pt.  u,  p.  50  (1909). 
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Aspidiotus  pectinatus  Lindinger. 

Aspidiotus  pectinatus  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  iivi,  p.  43  (1909).    Fig. 
Habitat — South  Africa. 
On  pear. 

Aspidiotus  replicatus  Lindinger. 

Aspidiotus  replicatus  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  xxvi,  p.  17  (1909).    Fig. 
Habitat — South  Africa. 

On  leaves  of  Ehretia  cymo8a,  IUigera  pentopkylla,  Mitragyne  macrophylla,  and 
Anacardiaceee. 

Aspidiotus  seurati  Marchal. 

Aspidiotus  (Hemiberlesia)  seurati  Marchal,  Bui.  Soc.  Ent.  Fr.}  p.  71  (1911). 
Habitat — South  Algeria. 
On  Zilla  macroptera. 

Aspidiotus  spiniger  Lindinger. 

Aspidiotus  spiniger  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  xxvi,  p.  19  (1909).    Fig. 
Habitat — South  Africa. 
On  leaf  of  Strombosiopsis  tetranda. 

Aspidiotus  undulatus  Lindinger. 

Aspidiotus  undulatus  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  xxvi,  p.  20  (1909).     Fig. 
Habitat — South  Africa. 
On  leaves  of  Acioa  paUescens  and  Strychnos  cinnabarina. 

Aonidia  biafr®  Lindinger. 

Acnidia  biafrse  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  40  (1909).    Fig. 
Habitat — South  Africa. 
On  leaves  of  Schotia  humboldtioidts,  Crudia  zenkeri,  and  Cynometra  sp. 

Aonidia  dentata  Lindinger. 

Aonidia  dentata  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vn,  1,  p.  12  (1911).     F-'g. 
Habitat — India. 
On  leaf  of  Walsura  piscidis. 

Aonidia  spinosissima  Lindinger. 

Aonidia  spinosissima  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vn,  p.  12  (1911).     Fig. 
Habitat — Central  India. 
On  Mimusops  hexandra. 

Gymnaspifl  aberemoae  Lindinger. 

Qymnaspis  aberemoae  Lindgr.,  Deutsche  Ent.  Zeitschr.,.  rv,  p.  437  (1910).    Fig. 
Habitat — Brazil . 
On  Aberemoa  rhizantha. 

Chrysomphalus  portoricensis  Lindinger. 

Chrysomphalus  (Melanaspis)  portoricensis  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol., 
n,  12,  p.  441  (1910).    Fig. 
Habitat — Venezuela. 
On  leaf  of  Bletia  sp. 
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Targioai*  ositis  Herrick. 

1  Targicmia  eeltis  Herrick,  Can.  Ent.,  urn,  11,  p.  373  (1910).    Fig. 
Habitat — Texas. 
On  CeUis  oecidentalis. 

Targionia  vitis  arbutus  Leonardi. 

Targionia  vitis  arbutus  Leon,  (sine  deecr.),  Cherm.  Ital.,  v,  p.  123  (1909), 
Habitats-Italy. 
On  Arbutus  unedo. 

Pseudoparlatoria  criatata  Lindinger. 

Pseudoparlatoria  cristata  Lindgr.,  Zeitschr.  f.  wise.  Insektenbiol.,  vn,  p.  10  (1911). 
Fig. 
Habitat — Brazil . 
On  leaf  of  Gnetum  leyboldi. 

Cryptaapidiotus  mediterraneus  Lindinger. 

Cryptaspidiotus  mediterraneus  Lindgr.  (sine  descr.),  Zeitschr.  f .  wiss.  Insektenbiol., 

vi,  11,  p.  373  (1910). 

Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vi,  12,  p.  437 

(1910).    Fig. 
Habitat — Algeria. 

On  leaves  of  funiperus  phomicea  and  Callitris  quadrtvalvis. 

Ischnaapis  bipindenaia  Lindinger. 

Ischnaspis  bipindensis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xivi,  p.  32  (1909).    Fig. 
Habitat— South  Africa 
On  leaves  of  Cyclostemon  bipindensis  and  Strychnos  cinnabarina. 

Lepidoaaphea  aberrana  Lindinger. 

Lepidosaphes  aberrans  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  33  (1909).    Fig. 
Habitat — South  Africa. 
On  leaf  of  Cynometra  sp. 

Lepidosaphes  axil  Kuwana. 

V 

Mytilaspis  (Lepidosaphes)  arii  Kuwana,  Jn.  N.  Y.  Ent.  Soc,  xvn,  4,  p.  163  (1909). 
Fig. 
Habitat — Japan. 
On  Miscanthus  sp. 

Lepidosaphes  buzenensis  Kuwana. 

Mytilaspis  (Lepidosaphes)  buzenensu  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  155 

(1909).    Fig. 

Habitats-Japan. 

On  vine. 

Lepidosaphes  chitinosus  Lindinger. 

Lepidosaphes  (Coccomytilus)  chitinosus  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvr, 
p.  34(1909).    Fig. 
Habitat—South  Africa. 
On  Berlinia. 

»  Not  a  valid  species;  synonym  of  Targionia  coeroentU  (CklL). 
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Lepidosaphes  orudiss  Lindinger. 

Lepidosaphe8  crudise  Lindgr.,  Jahrb.  Hamb.  wire.  Anst.,  xivi,  p.  35  (1909),    Fig. 
Habitat — South  Africa. 
On  leaf  of  Crudia  zenkeri. 

Lepidosaphes  kamerunenais  Lindinger. 

Lepidosaphes  kamerunensis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xivi,  p.  37  (1909). 
Fig. 
Habitat — South  Africa. 
On  leaves  of  Loranthus  sp. 

Lepido0aph.es  meridionalis  Lindinger. 

Lepidosaphes  meridionalis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  38  (1909). 
Fig. 
Habitat — South  Africa. 
On  Macrolobium  palisoti. 

Lepidosaphes  tenuior  Lindinger. 

Lepidosaphes  tenuior  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  p.  40  (1909).    Fig. 
Habitat — South  Africa. 
On  leaf  of  Cynometra  sp. 

Lepidosaphes  uniloba  Kuwana.  * 

Mytilaspis  (Lepidosaphes)  uniloba  Kuwana,  Jn.  N.  Y.  Ent.  Soc.,  xvn,  4,  p.  156  (1909). 
Fig. 
Habitat — Japan. 
On  Osmanthus. 

Parlatoria  hastata  Lindinger. 

Parlatoria  hastata  Lindgr.  (sine  descr.),  Zeitschr.  f .  wiss.  Insektenbiol.,  vi,  11,  p.  375 
(1910). 
Habitat — Not  given. 


CORRECTIONS  TO  CATALOGUE  11—1909. 

Page  38,  instead  of  lines  9  and  10  under  "Stdctococcus  multispinosus  NewBtead," 
read: 

Stidococcus  multispinosus  Newst.,  Kilimandjaro-Meru  Exp.,  12  (1  Coccids),  p.  6  (1908).    Fig. 

Newst.,  Jn.  Econ.  Biol.,  n,  4,  p.  150,  footnote  (1908). 
Habitat— Kilimanjaro,  East  Africa. 

Page  38,  line  12  from  bottom,  for  cixni  read  cxlviii. 

Page  46,  line  15,  for  Lecanium  cecconi  Leonardi  read  Lecanium  cecconi  (Leonardi). 
Page  46,  line  19,  for  Lecanium  glandi  (Kuwana)  read  Lecanium  glandi  Kuwana. 
Page  46,  line  24,  for  Lecanium  kunoensis  (Kuwana)  read  Lecanium  kunoensis 

Kuwana. 
Page  46,  line  13  from  bottom.    Lecanium  rubellum  Lindinger  on  Calluna  vulgaris, 

given  as  a  synonym  of  Lecanium  pulchrum  Marchal,  has  been  resurrected  as  a  valid 

species  by  Mr.  J.  G.  Sanders. 
Page  47 ,  line  18 .    Hemilecanium  theobromse  Newstead = Hemilecanium  imbricans  Green, 

.on  the  authority  .of  Green.         .  

Page  55,  line  16,  for  cxun  read  cxLvra. 
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THE  GEUTJS  FIORESTA  Iff  THE  TJfflTED  STATES. 

By  £.  R.  Sas8Cer,  Scientific  Assistant. 
INTRODUCTION. 

The  genus  Fiori/nia  at  the  present  time  consists  of  some  30  described 
species  and  4  varieties,  and  of  this  number  there  are  only  2  species 
and  1  variety  established  in  this  country,  viz,  Fiorinia  Jiorinix 
Targioni  Tozetti,  F.  these,  Green,  and  F.  jiorinix  japonica  Kuwana. 
Judging  from  the  available  records  at  hand,  it  is  quite  evident  that 
the  first  two  coccids  mentioned  were  imported  on  ornamental  plants, 
and  their  status  in  some  locations  is  such  as  to  warrant  the  use  of 
remedial  measures.  The  last-named  variety  of  jwrinix  is  a  Japanese 
importation,  and  while  it  appears  to  be  established  in  only  one  State, 
it  is  not  infrequently  collected  at  quarantine  on  imported  evergreens. 

Fiorinia  Tabgioni. 

This  genus  is  characterized  by  the  adult  female  being  smaller, 
decreasing  in  size  after  the  second  molt,  and  entirely  inclosed  in  the 
second  larval  exuvia;  puparium  elongate,  with  first  larval  exuvia 
extending  beyond  the  margin.  Male  scales  white,  elongate,  with 
or  without  carinse,  larval  exuvia  at  anterior  extremity.  Pygidium 
of  adult  female  (Fiorinia  s.  str.),  possessing  well-defined  median  lobes, 
and  some  species  exhibiting  a  small  pair  on  either  side;  paragenitals 
normally  in  five  groups,  although  in  some  species  the  median  and 
anterior  laterals  coalesce,  forming  an  arch. 

Leonardi  in  his  paper,1  "Saggio  de  Sistematica  delle  Fiorioni»" 
divides  Fiorinia  sens.  lat.  into  three  subgenera,  viz,  TrvMjUmnia 
(paragenitals  and  lobes  present),  Anamefwrinia  (paragenitals  present, 
lobes  absent),  and  Adiscofiorinia  (paragenitals  absent).  Fiorinia  s. 
str.  is  characterized  by  possessing  paragenitals  and  plates,  and  the 
species  discussed  in  this  paper  come  distinctly  within  this  division. 

»Redia,  vol.  3,  p.  16,1906. 
«W2*- 12  75 
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The  following  table,  based  on  characters  exhibited  by  the  adult 
female,  is  offered  as  a  means  for  separation  of  the  species  occurring 
in  the  United  States. 

I.  Spatulate  protuberance  between  antenna  present,  first  pair  of  lateral  lobes  rep- 
resented by  serrate  thickenings F.  them  Green. 

II.  Spatulate  protuberance  between  antenna*  absent,  first  pair  of  lateral  lobes 
prominent. 

(a)  Median  and  anterior  lateral  paragenitals  usually  contiguous,   21-23; 

posterior  laterals  10-16 F.  fiorvrim  Targ. 

(6)  Paragenitals  massed  and  numerous;  median  3-11,  anterior  laterals  16-24, 
posterior  laterals  19-31 F.fiorinim  var.  japonioa  Kuw. 

THE  TEA  SCALE. 

Fiorinia  them  Green. 

Plates  X  and  XI. 

Fiorinia  fiormist  var.  eameUim  Rolfe  and  Quaintance,  Coccidae  Americana.  Decades 
i-iii,  No.  6  (1898). 

Fiorinia  them  Green,  Indian  Museum  Notes,  V,  No.  1,  p.  3  (1900).    Fig. 

Fiorinia  them  Stebbing,  Insects  that  affect  forestry,  No.  1,  p.  133  (1902).    Fig. 

Fiorinia  them  Green,  Indian  Museum  Notes,  V,  No.  3,  p.  102  (1903).    Record  only. 

Fiorinia  them  Fernald,  Catalogue  of  the  Coccidse  of  the  world,  p.  250  (1903). 

Fiorinia  them  Watt  and  Mann,  The  pests  and  blights  of  the  tea  plant,  p.  306,  Calcutta, 
2d  edition  (1903).    Fig. 

Fwrinia  them  Leonardi,  Redia,  Ilt,.p.  28  (1905).  Fig.  "Saggio  di  Sistematica  Delle 
Fioriniie." 

Fiorinia  them  Green  and  Mann,  Memoirs  of  the  Department  of  Agriculture  in  India, 
Entomological  Series,  I,  No.  5,  pp.  343,  350  (1907).    Bibliography  and  record  only. 

Fiorinia  them  Green,  Memoirs  of  the  Department  of  Agriculture  in  India,  Entomo- 
logical Series,  II,  No.  2,  p.  39  (1908).    Record  only. 

Fiorinia  them  Stebbing,  Manual  of  forest  zoology  for  India,  p.  165  (1908).    Fig. 

Fiorinia  them  Lindinger,  Zeitschr.  f.  wisB.  Insektenbiol.,  VII,  4,  p.  127  (1911). 

Notwithstanding  the  fact  that  the  tea  scale,  Fiorinia  them  Green, 
has  been  in  the  National  Collection  of  Coccidae  since  1887  identified 
as  F.fiorinim  Targ.,  it  was  not  described  until  1900  by  Green  on  tea 
from  Assam  and  Kangra,  India.  A  thorough  study  of  the  material 
in  this  collection  revealed  the  fact  that  all  the  specimens  on  Camellia, 
with  the  exception  of  Comstock's  type  of  F.  camdlim,  which  is  now 
recognized  as  a  synonym  of  F.  fiorinim  Targ.,  are  the  tea  scale  of 
Green. 

In  1897  Cockerell l  recorded  what  he  considered  a  distinct  variety 
of  F.  fiorinim  Targ.  on  the  underside  of  a  leaf  of  Camellia  japonica 
from  Baton  Rouge,  La.,  and,  judging  from  his  partial  description  he 
surely  had  reference  to  F.  them  Green. 

A  microscopic  study  of  the  material  in  "Coccid®  Americana" 

(Decades  i-iii,  No.  6  [1898]),  distributed  by  Rolfs  and  Quaintance 

— — ^ — ^— — ^ — — —  — —      — —  — ^ — ^ ^» — ^— — .^— ^»^ 

»BuL  Bot.  Oept.  Jamaica,  n.  a.  4,  p.  149  (U07). 


Fig.  2— FiOfflNM  the*  on  Camellia  Leaf.    Enlarged  Five  Times.    (Original.) 


Fig.  1.— Fkminm  the^  on  Leaf  of  Camellia.    Twice  Enlarged.    (Original.) 
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and  labeled  F.ftorinise  var.  camettix,  proves  it  to  be  F.  ihex  Green  and 
not  a  variety. 

In  March,  1908,  Mr.  George  F.  Mitchell,  of  the  Experimental  Tea 
Farm  at  Summerville,  S.  C,  submitted  leaves  of  tea  thickly  infested 
with  Fiorinia  (hex  Green  and  stated  that  it  was  becoming  a  serious 
enemy  of  this  plant.  At  the  request  of  Dr.  R.  H.  True,  Mr.  J.  G. 
Sanders,  at  that  time  an  agent  of  the  Bureau  of  Entomology,  visited 
the  tea  farm  and  found  this  scale  in  abundance  on  Assam  hybrid, 
Darjeeling,  and  China  teas  and  camellias  grown  for  ornamental  pur- 
poses. Mr.  Sanders  observed  that  the  Darjeeling  tea  which  was 
grown  in  moist  lowland  was  frequently  covered  with  a  brown  fungus, 
which  was  apparently  parasitic  on  the  scale. 

It  is  the  belief  of  Dr.  Charles  U.  Shepard,  who  is  in  charge  of  the 
experimental  farm,  that  the  tea  affords  better  food  than  Camellia 
japonica,  and  he  states  that  it  is  seldom  if  ever  that  the  latter  plant 
is  killed  by  attack  of  this  insect  alone. 

Since  no  plants  have  been  introduced  from  Asiatic  regions,  all 
being  grown  from  seed,  it  is  extremely  probable  that  its  introduction 
was  through  the  agency  of  the  camellias,  which  have  been  for  a 
number  of  years  greatly  in  demand  as  ornamental  plants  in  this 
country. 

According  to  Watt  and  Mann  *  this  scale  is  of  common  occurrence 
in  both  Assam  and  Eangra,  and  is  the  most  prevalent  of  all  coccids 
in  the  former  Province.  Mr.  Stebbing 2  records  it  on  the  leaves  of 
the  olive,  Olea  glandulifera,  in  the  northwestern  Himalayas,  fre- 
quently causing  the  leaves  to  turn  yellow  and  drop  off. 

Although  this  insect  occurs  on  both  sides  of  the  leaves  of  tea  and 
Camellia  japonica,  it  is  more  commonly  f  ound  on  the  underside,  and 
if  present  in  sufficient  numbers  it  can  be  easily  detected  by  yellow 
markings  plainly  to  be  seen  on  the  upper  surface. 

Fiorinia  (hex  Green  can  be  readily  separated  from  F.fiorinix  Targ. 
by  the  larger  and  darker  scale,  the  presence  of  a  proboscis-like  pro- 
jection between  the  antennae  which  have  no  stout  spines,  and  in  the 
absence  of  lateral  lobes  on  the  pygidium. 

Scale  of  female. — Elongate,  narrow,  dark  brown  in  color,  usually 
darker  than  F.  fiorinix,  with  a  distinct  dark  median  longitudinal 
carina;  adult  insect  entirely  inclosed  in  the  hardened  exuvia  of  the 
second  stage,  which  varies  from  1  to  1.24  mm.  in  length,  and  does  not 
bear  a  secretionary  margin.  Length,  1  to  1.40  mm.  Breadth,  0.40 
to  0.60  mm. 

Scale  of  male. — Snow-white,  sides  nearly  parallel,  usually  indis- 
tinctly tricarinate,  pellicle  pale  yellow  approaching  lemon-yellow  at 
extreme  posterior  tip.    When  present  in  large  numbers  the  puparia 

»  The  Pests  and  Blights  of  the  Tea  Plant  (second  edition),  p.  306  (1903). 
«  Manual  of  Forest  Zoology  of  India,  p.  166  (1906). 
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are  frequently  covered  with  a  flocculent  secretion  given  off  by  the 
larvae.    Length,  0.80  to  1  mm.;  breadth,  about  0.40  mm. 

Eggs:  Arranged  in  double  rows  inclosed  within  the  second  larval 
exuvia. 

Female} — "Adult  female  pale  yellow,  of  normal  form.  Antennae 
close  together,  on  anterior  margin;  each  antenna  consisting  of  an 
irregular  tubercle  with  a  single  curved  bristle  on  one  side.  From 
between  the  antennae  springs  a  stout  spatulate  process  which  is  not 
chitinous  but  of  the  same  consistency  as  the  surrounding  parts  of 
the  body.  Margin  of  thorax  and  abdomen  with  a  series  of  minute 
spinneret  ducts  opening  on  to  small  conical  tubercles.  Pygidium 
(PL  I)  with  a  conspicuous  median  cleft,  on  the  margin  of  which  are 
situated  the  moderately  large  serrate  median  lobes.  First  pair  of 
lateral  lobes  represented  only  by  small  serrate  thickenings  of  the 
margin;  second  lateral  lobes  obsolete.'1  [Although  the  lateral  lobes 
are  wanting  in  the  adult,  they  are  quite  prominent  on  the  second 
larval  exuvia  and  are  of  the  normal  F.jiorini&  type.]  "  Spines  nor- 
mal, the  dorsal  series  rather  long;  one  pair  springing  from  within 
the  median  cleft.  Circumgenital  glands  in  five  groups;  the  median 
and  upper  lateral  groups  together  forming  an  almost  continuous 
arch.  Median  group  with  four  or  five  orifices;  upper  laterals,  10  to 
13;  lower  laterals,  15  to  18.  A  very  few  circular  pores  with  accom- 
panying ducts,  on  dorsal  surface,  near  the  margin.  Length,  0.50 
to  0.75  mm." 

DISTRIBUTION. 

The  tea  scale  is  recorded  on  Camellias  in  Alabama,  District  of 
Columbia,  Florida,  Georgia,  Louisiana,  North  Carolina,  and  South 
Carolina.  It  has  been  collected  in  Ceylon,  Philippine  Islands,  and 
India,  occurring  in  the  following  localities  in  the  latter  country: 
Kangra  Valley,  Assam,  Bashahr  State  close  to  Kilta  in  the  Sutlej 
Valley,  Calcutta,  and  the  northwestern  Himalayas. 

FOOD  PLANTS. 

In  the  United  States  this  scale  has  only  been  collected  on  camellias 
and  tea,  but  in  India  it  has  been  recorded  on  tea,  olive  {Olea  glandu- 
lifera),  and  citrus.  In  the  Philippine  Islands  it  occurs  on  a  species 
of  CaryoJa,  and  Mr.  R.  S.  Woglum  has  collected  it  on  Ostodes  in  the 
Royal  Botanical  Gardens  of  Peradenyia,  Ceylon.  Although  F.  these 
seems  to  show  a  preference  to  the  tea  at  Summerville,  S.  C,  it  appears 
to  be  quite  a  serious  pest  on  the  camellias  in  several  of  the  more 
Southern  States,  and  is  not  infrequently  found  associated  with  Lepi- 
dosaphes  lasianihi  Green. 

>  Owing  to  the  accuracy  of  Mr.  E.  E.  Green's  description  of  this  species  it  has  been  deemed  wise  to  give 
It  verbatim.   (Indian  Museum  Notes.  6,  No.  1,  p.  3  (1900).) 
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ENEMIES. 

The  following  predaceous  beetles  which  have  been  determined  by 
Mr.  E.  A.  Schwarz,  of  the  Bureau  of  Entomology,  were  found  by  Mr. 
Sanders  preying  on  the  tea  scale:  ChUocorus  Hvvlnerus  Muls.,  Micro- 
weisea  miseUa  Lee.,  and  CyboeefhcHus  nigrdvlus  Lee.  As  stated 
elsewhere,  when  on  the  Darjeeling  tea  these  coccids  are  frequently 
covered  by  a  parasitic  fungus,  which  doubtless  in  a  measure  is  effec- 
tive in  holding  this  pest  in  check. 

Fiorinia  Jiorinix  Tabg. 

Plates  XII  and  XIII. 

Diaspis  fiorinix  Targioni,  Studii  aul.  Cocciniglie,  p.  14  (1867). 

Chermes  arecx  Boiaduval,  Insectologie  Agricole,  p.  262  (1868). 

Fiorinia  ptllucida  Targioni,  Catalogue,  p.  42  (1868). 

Fiorinia  eameUix  Comstock,  Rep.  U.  S.  Dept.  Agr.  1880,  p.  329  (1881). 

UkUria  fiorinia  Comatock,  2nd  Rep.  Dept.  Ent.  Cornell  Univ.,  p.  Ill  (1883). 

Fiorinia  palm*  Green,  Ind.  Mus.  Notes,  IV,  p.  5  (1896). 

This  coccid  is  a  very  cosmopolitan  species  and  is  of  common  occur- 
rence on  kentias  in  greenhouses.  A  complete  bibliography  of  this 
species  is  not  given,  since  it  has  been  the  subject  of  numerous  papers, 
many  of  which,  however,  are  of  little  value  either  from  a  scientific 
or  economic  standpoint. 

DISCUSSION  OP   SYNONYMY. 

A  thorough  study  of  the  material  on  Eentia  belmoreana,  Cycas  revo- 
luta,  and  Camellia  which  was  described  by  Comstock1  as  Fiorinia 
camettix  proves  this  species  to  be  none  other  than  Fiorinia  fiorinia 
Targ.  In  1896  Green 3  described  a  form  known  as  Fiorinia  palmse, 
but  he  later  reduced  it  to  synonymy.  Leonardi,8  in  his  paper  enti- 
tled "Saggio  di  Systematica  Delle  FioriniaB,"  reduces  Fiorinia  Jwri- 
nix  var.  minor  Maskell  to  synonymy,  since  Maskell  in  his  meager 
description  merely  states  that  it  was  given  varietal  rank,  owing  to 
its  small  size.  Assuming  that  the  only  character  of  separation  was 
the  size  of  the  scale,  Leonardi  concluded  that  the  difference  was  too 
inadequate  to  justify  even  varietal  rank. 

A  study  of  the  Maskell  material  revealed  a  number  of  characters 
which  are  surely  of  sufficient  importance  to  allow  it  to  remain  as  a 
good  variety  if  not  raised  to  specific  rank.  As  will  be  seen  by-  exam- 
ining Plate.IV,  the  median  lobes  in  minor  are  larger  and  more  chitin- 
ized,  the  marginal  pores  more  numerous,  varying  from  six  to  seven, 
and  the  general  shape  of  the  pygidium  is  different.  The  material  of 
this  variety  is  very  scanty  and  is  on  the  underside  of  a  leaf  which  is 

iRap.  U.  S.  Dept  Agr.,  1880,  p.  329  (1881).  'Redia,  m,  p.  16(1906). 

i Indian  Mas.  Notes,  IV,  p.  6  (1S96). 
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quite  hairy,  causing  the  scales  to  assume  various  shapes  and  possibly 
preventing  them  from  reaching  their  normal  dimensions.  In  size 
the  pygidium  of  Fiorinia  Jiorinix  Targ.  and  Fiorinia  fiorimse  var. 
minor  Mask,  compare  very  favorably. 

DISTRIBUTION. 

Fiorinia  fwrinise  Targ.  has  a  wide  range  of  distribution  and  is 
known  to  occur  in  the  following  countries:  Algiers,  Australia,  Bar- 
bados, Brazil,  Ceylon,  China,  Egypt,  Europe  (Belgium  and  Spain), 
Jamaica,  Japan,  Madeira(?),  Mauritius,  Mexico,  New  South  Wales, 
Peru,  United  States  (Alabama,  California,  Colorado,  District  of  Colum- 
bia, Hawaiian  Islands,  Louisiana,  Maryland,  and  Massachusetts), 
West  Africa,  and  Zanzibar. 

FOOD   PLANTS. 

The  food  plants  of  this  insect  are  numerous,  some  of  the  most 
important  of  which  are  the  following: 

Anthurium  acaule,  Appolonias  canariensis,  Aralia,  Areca  aurea, 
bamboo,  bay,  Camellia,  CeUis  numritiana,  CJiamserops  humvli,  coco- 
nut palm,  Cupressust  Cycas  circinalis,  C.  revolvto,  Dracaena  indivisa, 
ferns,  Ficus  elastica,  Ficus  sp.,  Gardnia  sp.,  Hedera  Tielix,  Japanese 
quince,  Kentia  bdmoreana,  K.  fosteriana,  Larix  sp.,  Leptospermum, 
Licvla,  Livistona,  Persea  gratissima,  Phcenix  canariensis,  Phoenix  sp., 
Phormium  tenax,  Phytdephas  mocrocarpa,  Podocarpus,  StrdUzia  regi- 
nise,  tea  (TJiea  japomca). 

ENEMIES. 

In  studying  the  slid^  of  the  National  Collection  of  Coccidae  one 
.  partially  mature  specimen  of  the  parasite  Aspidiotiphagus  citrinus 
Craw  was  discovered  inclosed  in  the  body  of  an  adult  insect  collected 
in  Washington,  D.  C,  on  Ch&merops  humvli  and  the  same  chalcid 
has  also  been  reared  from  material  on  Persea  gratissima  from  Hono- 
lulu, Hawaii.  In  addition  to  the  above  a  species  of  Aspidiotiphagus 
was  reared  from  this  scale  on  an  unknown  plant  collected  at  Hong- 
kong by  Mr.  Koebele,  and  he  also  collected  ProspalteUa  aurantii 
How.  from  this  coccid  on  Ficus  sp.  at  Swatow,  Canton,  China. 

Among  the  fungous  enemies  of  this  coccid  the  redheaded  fungus 
(SphserostUbe  coccophila)  has  been  recorded  !  by  Mr.  John  Parkin 
from  Mauritius  on  infested  Camellia. 

DESCRIPTION. 

Scale  of  female. — Elongate,  narrow,  revealing  a  distinct  median 
longitudinal  ridge;  first  larval  exuvia  yellow,  small,  and  extending 
beyond  the  margin;  second  larval  exuvia  ranging  from  1.20  to  1.46 

*  Ann.  Roy.  Bot.  Gardens  Pendtniya,  IH,  p.  67  (1906). 


GENUS  FIORINIA  IN   THE  UNITED  STATES.  81 

mm.  in  length  and  varying  from  brown  to  dark  brown  with  frequently 
a  white  secretionary  margin,  and  inclosing  the  adult  insect,  which  is 
situated  in  the  anterior  portion  of  the  scale.  Length  1  to  1.25  mm. 
Breadth  about  0.50  mm. 

Eggs. — Yellow  and  arranged  in  a  double  row. 

Scale  of  male. — White,  tricarinate,  larval  exuvia  pale  yellow, 
Length  about  1  mm.     Breadth  about  0.40  mm. 

Female. — Thin  and  much  contracted  after  oviposition,  elongate, 
possessing  rudimentary  antenna,  which  are  apparently  two-jointed, 
the  first  consisting  of  a  fleshy  tubercle,  which  bears  the  second  joint 
and  a  bristle,  the  second  joint  occasionally  possessing  a  short  lateral 
branch  near  the  tip;  anal  plate  triangular,  0.187  to  0.204  mm.  in 
width,  slightly  truncate  at  tip,  median  notch  distinct  and  formed  by 
the  median  lobes,  which  are  oblique  and  serrated  along  their  entire 
free  edge;  second  lobes  prominent  both  in  second  larval  exuvia  and 
adult,  incised,  about  twice  as  long  as  broad  and  followed  by  several 
indentations;  margin  of  the  pygidium  exhibiting  four  rather  con- 
spicuous tubular  pores;  between  the  median  lobes  are  two  short 
spines;  located  on  the  dorsal  surface  situated  along  the  lateral 
margin  of  the  median  lobe  there  are  two  spines,  the  posterior  being 
the  larger,  one  on  the  outer  lobule  of  the  second  lobe  and  two  situ- 
ated between  the  second  lobe  and  the  penultimate  segment;  on 
ventral  surface  there  is  a  spine  corresponding  with  each  dorsal  spine, 
except  on  the  first  lobe;  laterad  of  each  lobe  there  is  an  elongate  pore 
and  two  between  the  second  lobule  and  the  penultimate  segment; 
anal  opening  twice  the  width  of  one  median  lobe  and  far  removed 
from  the  tip;  median  and  anterior  lateral  paragenitals  contiguous, 
forming  an  arch,  21  to  23,  posterior  laterals  10  to  16. 

Fiorinia  fiorinist  japonica  Kuw. 

Fiorinia  fiorinia  japonica  Kuwana,  Proc.  Cal.  Acad.  Sci.  (3),  III,  p.  79  (1902). 

Fionnia  fiorinia  japonica  Coleman,  Joum.  N.  Y.  Ent.  Soc,  XI,  p.  84  (1903).  Rec- 
ord only. 

Fiorinia  fiorinia  japonica  Leonardi,  Redia,  III,  Faec.  1,  p.  36  (1905).  Bibliography 
and  description. 

Fiorinia  fiorinist  japonica  Kuwana,  Bui.  Imp.  Cent.  Agr.  Exp.  Sta.,  Japan,  p.  200 
(1907).    Bibliography  and  record  only. 

Fiorinia  fiorinia  japonica  Brick,  Sta.  f.  Pflanzenschutz  z.  Hamburg,  XI,  p.  6  (1909). 
Record  only. 

Fiorinia  fiorinia  japonica  Brick,  Jahrb.  Hamb.  wiss.  Anst,  XXVII,  p.  605  (1909). 
Record  only. 

Fiorinia  fiorinia  japonica  Essig,  Pom.  Journ.  Ent.,  II,  2,  p.  207  (1910).  Descrip- 
tion and  figure. 

Fiorinia  fiorinia  japonica  Iindinger,  Zeitschr.  f.  wise.  Insektenbiol.,  VII,  4,  p.  126 
(1911).    Record  only. 

Although  this  variety  of  fiorinist  is  a  natrro  of  Japan,  it  has  been 
introduced  into  this  country  on  numerous  occasions  on  infested  ever- 
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greens.  In  September  of  1908  it  was  collected  on  Tsuga  sp.,  at 
Queens,  Long  Island,  by  Mr.  F.  N.  Meyer,  where  it  had  apparently 
become  established,  and  subsequently  it  was  collected  in  New  York 
by  Mr.  E.  P.  Felt  on  Japanese-hemlock.  In  June  of  1909  it  was  col- 
lected on  the  fruit  and  leaves  of  Podocarpus  elata  received  by  the 
Bureau  of  Plant  Industry  from  the  Botanical  Gardens  of  New  South 
Wales.  Mr.  Edward  M.  Ehrhorn,  while  horticultural  commissioner 
of  California,  collected  it  at  quarantine  on  Podocarpus  chinensis  and 
Pinus  sp.  Mr.  Lindinger  in  a  recent  paper1  records  it  from  the  Philip- 
pine Islands  on  Podocarpus  nageia  and  Abies  veitchi  and  Mr.  Brick 
reports  it  from  Japan  on  Pimis  pcntaphyUa,  P.  tfounbergi,  and  Tsuga 
sieboldi. 

DESCRIPTION. 

Scale  of  female. — Fresh  female  scales  frequently  covered  with  a 
white  powdery  substance,  median  carina  indistinct  and  frequently 
not  visible,  brown  to  dark  brown,  reaching  a  chestnut  brown  at  the 
anterior  end  of  the  scale;  first  larval  exuvia  yellow,  about  three-fourths 
of  it  extending  beyond  the  margin;  second  larval  exuvia  1.80  to  2 
mm.  in  length  and  from  0.60  to  0.80  mm.  in  breadth.  When  collected 
onTsuga  sp.,  it  usually  occurs  on  the  underside  of  the  leaves,  although 
this  does  not  hold  true  in  the  case  of  the  specimens  on  Podocarpus. 

Scale  of  male. — White,  apparently  uncarinated,  larval  exuvia  yel- 
low.    Length  about  1  mm.     Breadth  about  0.40  mm. 

Female.— Thin,  pygidium  slightly  brownish,  antenna*  rudimentary, 
apparently  two-jointed,,  the  second  joint  bearing  a  spine;  width  of 
pygidium  0.187  to  0.255  mm.,  slightly  truncate  at  tip,  median  lobes 
serrated  along  free  edge,  oblique  forming  a  distinct  notch,  second 
lobes  conspicuous  in  both  second  larval  exuvia  and  adult,  incised, 
approximately  twice  as  long  as  broad,  six  prominent  tubular  pores 
on  the  margin  of  the  pygidium  with  two  very  short  spines  between 
the  median  lobes;  gland  spines  simple,  long,  one  laterad  of  each  lobe 
and  one  on  the  margin  near  the  penultimate  segment;  on  the  dorsal 
surface  along  the  lateral  margin  of  the  median  lobes  there  are  two 
spines,  the  posterior  being  the  larger,  one  on  the  outer  lobule  of  the 
second  lobe,  and  two  between  second  lobe  and  penultimate  segment. 
Anal  opening  far  removed  from  the  tip  and  twice  the  width  of  a 
median  lobe.  Paragenitals  in  five  groups,  arranged  as  follows: 
Median  group  3  to  11,  anterior  laterals  16  to  24,  posterior  laterals 
19  to  31. 

tLoo.cit. 
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CATALOGUE  OF  KECENTLY  DESCBIBED  COCCIIXB— IV. 

By  E,  R.  Sasscer,  Scientific  Assistant. 

Since  the  publication  of  the  "  Catalogue  of  Recently  Described 
Coccidse — III,"1  6  new  genera,  110  new  species,  and  4  new  varieties 
have  been  described  in  various  publications  by  workers  on  Coccid®. 
This  makes  a  total  of  29  new  genera,  9  new  subgenera,  540  new 
species,  and  45  new  varieties  recorded  since  the  appearance  of  Mrs. 
Fernald's  Catalogue  in  1903.  The  writer  believes  this  list  to  be  fairly 
complete  to  March,  1912,  and  earnestly  requests  the  assistance  of 
coworkers  in  adding  any  references  that  may  have  escaped  his  notice. 

All  species  marked  with  an  asterisk  are  represented  in  the  National 
Collection  of  Coccid®. 

Subfamily  MONOPHLEBINjB. 

Monophlebus  africanus  Newstead. 

MonopkUbus  africanus  NewBt.,  Zool.  Anthr.  Ergeb.  westl.  sentr.  Sttdafr.,  v,  1,  p.  15 
(1912).    Fig. 
Habitat — Dutch  Southwest  Africa. 
On  roots  of  I  "kxuibes" — plant. 

Stigmacoccus  zimmermanni  Newstead. 

Perissopneumon  zimmermanni  Newst.,  Mitt.  sool.  Mus.  Berlin,  v,  2,  p.  157  (1911). 
Habitat— German  East  Africa. 
On  Manihot  glazionii. 

Aspidioproctus  armatus  Newstead. 

Aspidioproctus  armatus  Newst.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  160  (1911).    Fig. 
Habitat—German  East  Africa. 
On  Acacia. 

AapidioproctuB  maximus  NewBtead. 

*  Aspidioproctus  maximus  NewBt.,  Mitt.  sool.  Mus.  Berlin,  v,  2,  p.  158  (1911).    Fig. 
Habitat— German  East  Africa. 
On  M'sasa  tree  (Brachystegia  randii). 

ifitflacer,  B.  R.,  'Catalogue of  Recently  Described  Coccidse— HI,"  Tech.  Ser.  16,  Part  IV,  Bur.  Ent, 
U.  8.  Dept.  Agr.,  19U. 

83 


84  PAPEBS  ON  COCCIDiE  OB  SCALE  INSECTS. 

Icerya  longisetosa  Newstead. 

Icerya  Umgisetosa  Newst.,  Mitt.  sool.  Mus.  Berlin,  v,  2,  p.  155  (1911).    Fig. 
Habitat — German  East  Africa. 
On  Acacia. 

Icerya  subandina  Leonard!. 

Icerya  subandina  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  238  (1911).    Fig. 
Habitat — Argentina. 
On  Btdvesia  retana. 

Lophococcua  mirabilis  trioornis  Newstead. 

Lophococcus  mirabilis  tricornit    Newst.,  Zool.  anthr.  Ergeb.  weetl.  zentr.  Sudafr., 
v,  1,  p.  17  (1912).    Fig. 
Habitat — Dutch  Southwest  Africa. 
OnP 

Subfamily  OETHEZTLNiB. 

Orthezia  varipes  Leonardi. 

Orthezia  varipes. Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  240  (1911).    Fig. 
Habitat — Argentina. 
On  Atriplex  lampa. 

Subfamily  DAOTYLOPH&S. 

Opiathoscens  (?)  prosopidis  Kieffer  and  Jorgensen. 

Opisthoscelis  prosopidis  Kieffer  and  Jorgensen,  Centr.  f.  Bakt.  Par.  u.  Infekt.,  xxvii, 
2,  p.  417  (1910).    Fig. 
Habitat — Argentina. 
In  galls  of  Prosopis  adcsmioides. 

Asterolecanium  coffeae  Newstead. 

Asurolecanium  coffex  Newst.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  161  (1911).    Fig. 
Habitat — German  East  Africa. 
On  Coffea  arabica. 

Lecaniodiaspis  africana  Newstead. 

Antonina  (?)  africana  Newst.  (sine  descr.),  Liverpool  Univ.,  Quart.  Jn.,  i,  2,  pp.  69, 

72  (1906). 
Draper,  Scale  Insects  of  Egypt,  p.  11  (1907). 
Lecaniodiaspis  africana  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  100  (1911).    Fig. 
Habitat— Egypt. 
On  Acacia  arabica  and  Fiats  sp. 

Cerococcua  andinua  Leonardi. 

Cerococcus  andinus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  245  (1911).    Fig. 
Habitat — Argentina. 
On  Tricycla  patagonica,  T.  cacheuta. 

Cerococcua  badiua  Leonardi. 

Cerococcus  badius  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  243  (1911).    Fig. 
Habitat — Argentina. 
On  Vendtia  calycina,  Baccharis  rosmarinifolia. 
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Birchippia  americana  Leonardi. 

Birchippia  americana  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  246  (1911).    Fig. 
Habitat — Argentina. 
On  Larrea  divaricata,  L.  cantata. 

Kexmea  ahaatenaia  Ehrhorn. 

Kermes  shastensis  Ehrh.,  Can.  Ent.,  xliii,  8,  p.  275  (1911). 
Habitat — California. 
On  Quercus  chrysolepsis. 

Eriococcua  diveraiapinua  Leonardi. 

Eriococcus  diversispinus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  249  (1911).    Fig. 
Habitat — Argentina. 
On  Zuccagnia  punctata. 

Eriocoocua  eriogoni  Ehrhorn. 

« 

Eriococcus  eriogoni  Ehrh.,  Can.  Ent.,  xliii,  8,  p.  276  (1911). 
Habitat — Arizona. 
On  Eriogonum  stellatum. 

Eriococcua  paxriapinoaua  Leonardi. 

Eriococcus  parcispinosus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  248  (1911).    Fig. 
Habitat — Argentina. 
On  Atriplex  lampa. 

Eriococcua  aalinua  Ehrhorn. 

Eriococcus  salinus  Ehrh.,  Can.  Ent.,  xliii,  8,  p.  276  (1911). 
Habitat — California. 
On  roots  of  grass  (Distichlis  sp.P). 

Gyxnnococcua  lahillei  Leonardi. 

Gymnococcus  lahillei  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  251  (1911).    Fig. 
Habitat — Argentina. 
On  Larrea  dwaricata,  L.  cuneata. 

Ciaaococcua  P  oahuenaia  Ehrhorn. 

Cissococcus  t  oahuensis  Ehrh.,  Proc.  Haw.  Ent.  Soc.,  ii,  4,  pp.  149,  179  (1912).    Fig. 
Habitat — Hawaiian  Islands. 
On  Opuhe  ( Urera  sandtoichensis). 

Sphaerococcus  cupreaai  Ehrhorn. 

Spkssrococcus  cupressi  Ehrh.,  Can.  Ent.,  xliii,  8,  p.  277  (1911).     Fig. 
Habitat — California. 
"Under  dry  bark  and  in  crevices  on  trunk  of  Cupressus  macrocarpa.9* 

Ceroputo  koebelei  Ehrhorn. 

Ceroputo  koebelei  Ehrh.,  Can.  Ent.,  xliii,  8,  p.  278  (1911).    Fig. 
Habitat — Arizona. 
On  Quercus  engelmanni. 
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Genua  LACHNODEBLLA  von  Ihering.    Type,  cecropim. 

LachnodUUa  von  Iher.  (sine  deecr.),  Bot.  Jahrb.,  xxxix,  5,  p.  680  (1907). 
Sanders,  Catalogue  Coccidie— II,  p.  40  (1909). 
Hempel,  Rev.  Mus.  Paul.,  viii,  p.  52  (1911).    Deecr. 

Lachnodiella  cecropiae  von  Ihering. 

Laehnodiella  cecropim  von  Iher.  (sine  deecr.),  Bot.  Jahrb.,  xxxix,  5,  p.  680  (1907). 

Sandere,  Catalogue  Coccida — II,  p.  40  (1909). 

Hempel,  Rev.  Mus.  Paul.,  viii,  p.  52  (1911).    Deecr. 
Habitat — Brazil. 
On  Cecropia  adenopus. 

Trionymus  calif  ornicus  Ehrhorn. 

TrUmymus  californicus  Ehrh.,  Can.  Ent.,  xliii,  8,  p.  279  (1911).    Fig. 
Habi  tat — California. 
On  Festuca  sp. 

Pseudococcus  aridorum  Lindinger. 

P$eudococcu8  aridorum  Lindgr.,  Jahrb.  Ilamb.  wise.  Anst.,  xxviii,  3,  p.  7  (1911).     Fig. 
Habitat — Canary  Islands. 

On  Aroyranthemum  frutescens,   Cytisus  prolifer  var.  palmensis,  grata,    Trifolium 
panormitanum. 

Pseudococcus  crotonis  Green. 

Dactylopius  crotonis  Green  (sine  deecr.),  Trop.  Agr.,  xxiv,  p.  44  (1905). 
Pseudococcus  crotonis  Sanders,  Catalogue  Coccida — I,  p.  5  (1906V 
Dactylopius  crotonis  Green,  Jn.  Econ.  Biol.,  vi,  2,  p.  35  (1911).    Fig. 

Habitat — Ceylon. 

On  Castilloa  elastica,  variegated  croton  (Codixum  rariegatum),  Terminalia  catappa, 
Erythrina  lithosperma. 

Pseudococcus  ledi  Cockerell. 

* Pseudococcus  ledi  Ckll.,  Ent.  News,  xxii,  5,  p.  217  (1911). 
Habitat — New  York. 
On  Ledum  grasnlandicum. 

Pseudococcus  mendozinus  Leonardi. 

Pseudococcus  mendozinus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  255  (1911).    Fig. 
Habitat — Argentina. 
On  Hyalis  argentea. 

Pseudococcus  obtusus  Newstead. 

Dactylopius  (Pseudococcus)  obtusus  Newst.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  164  (1911). 
Fig. 
Habitat — German  East  Africa. 
On  Baobdbrinde. 

Pseudococcus  percerosus  Leonardi. 

Pseudococcus  percerosus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  254  (1911).    Fig. 
Habitat — Argentina. 
On  Gourliea  decorticans. 

Genus  HELIOCOCCTJS  Sulc.    Type,  bohemicus. 
Heliococcus  Sulc,  Oas.  Spolec.  Ent.,  ix,  1,  p.  39  (1912). 
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Heliococcua  bohexnicus  Sulc. 

Heliococcus  bohemicus  Sulc,  6as.  Spole*.  Ent.,  ii,  1,  p.  39  (1912).    Fig. 
Habitat — Bohemia  and  Moravia. 
On  Robinia  pseudocode 

Biperaia  grandulifera  Newstead. 

Ripersia  grandulifera  Newst.,  Zool.  anthr.  Ergeb.  weetl.  zentr.  Sudair.,  v,  1,  p.  17 
(1912).    Fig. 
Habitat — Southwest  Africa. 
On  Adiantum  sp. 

Subfamily  TACHABJDIINjB. 

Tachardia  albizziad  Green. 

Tachardia  aTbizzix  Green  (sine  descr.),  Ind.  Mus.  Notes,  v,  p.  98  (1903). 

Tachardia  aVbisuim  Sandere,  Catalogue  Coccidce — 1,  p.  6  (1906). 

Tachardia  aUri&im  Green,  Jn.  Econ.  Biol.,  vi,  2,  p.  32  (1911).    Fig.    Description. 

Habitat — Ceylon. 

On  Landolphia  sp.,  AUnzzia  stipulata,  FUicium  decipienst  Earpullio  cupanioidss, 
Croton  lacciferum,  Theobroma  cacao,  Sleichera  trijuga. 

Tachardia  cordaliss  Leonard  i. 

Tachardia  cordalix  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  258  (1911).    Fig. 
Habitat — Argentina. 
On  Cordalia  lineata. 

Tachardia  longisetosa  NewBtead. 

Tachardia  longisetosa  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  102  (1911). 
Habitat — Uganda. 
On  bark-cloth  (Fiscus  sp.). 

Tachardia  lydi  Leonardi. 

Tachardia  lycii  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  256  (1911).    Fig. 
Habitat — Argentina. 
On  Lycium  chUense. 

Subfamily  COCCINjB. 

Pulvinaria  argentina  Leonardi. 

Pulvinaria  argentina  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  260  (1911).    Fig. 
Habitat — Argentina. 
On  Lyciitm  chilense,  Fabiana  denudata. 

Pulvinaria  plana  Lindinger. 

Pulvinaria  plana  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  34  (1911).    Fig. 
Habitat — Canary  Islands. 
On  underside  of  leaves  of  Laurus  canariensis. 

Luzulaapis  spinulosa  Leonardi. 

Luzulaspis  spinulosa  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  262  (1911).    Fig. 
Habitat— Argentina. 
On  Atriplex  lampa. 
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Ceroplastes  breviaeta  Leonard i. 

Ceroplastes  breviseta  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  264  (1911).    Fig. 
Habitat — Argentina. 
On  Atriplex  lampa. 

Ceroplastes  galeatus  NewBtead. 

Ceroplastes  galeatus  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  95  (1911).    Fig. 
Habitat— Uganda. 
On> 

Ceroplastes  irregularis  Leonardi. 

Ceroplastes  irregularis  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  271  (1911).    Fig. 
Habitat — Argentina. 
On  Larrea  cuneata. 

Ceroplastes  longiseta  Leonardi. 

Ceroplastes  longiseta  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  268  (1911).    Fig. 
Habitat — Argentina. 
On  Fabiana  denudata. 

Ceroplastes  subrotundus  Leonardi. 

Ceroplastes  subrotundus  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  266  (1911).    Fig. 
Habitat — Argentina. 
On  Cerddium  andicolum. 

Ceroplastes  subsphnricus  Newstead. 

Ceroplastes  subsphsericus  Newet.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  166  (1911). 
Habitat — German  East  Africa. 
On  Albizzia  lebbek. 

Ceroplastes  Uganda©  Newetead. 

Ceroplastes  ugandse  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  94  (1911).    Fig. 
Habitat — Uganda . 
On  "Amakebe." 

Ceroplastes  vinsonioides  Newstead. 

Ceroplastes  vinsonioides  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  96  (1911).    Fig. 

Habitat — Uganda. 

On  Coffea. 

Ceroplastes  gowdeyi  Newstead. 

Ceroplastes  gowdeyi  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  98  (1911).    Fig. 
Habitat— Uganda . 
On  African  bark-tree  (Ficus  sp.). 

Inglisia  castilloae  Green. 

Inglisia  castUlox  Green,  Jn.  Econ.  Biol.,  vi,  2,  p.  29  (1911).    Fig. 
Habitat — Ceylon . 

.  On  Castilloa  elasliea,  Orewia  microcos,  AdenochUena  zeylanica,  Solanum  sp.,  Vernonia 
sp.,  and  tea. 

Coccus  nyasse  NewBtead. 

Leeanium  nyasx  Newst.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  162  (1911).    Fig. 
Habitat— German  East  Africa. 
On? 
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Lecanium  elegans  Leonard i. 

Eulecanium  elegant  Leon.,  Bol.  sool.  Sc.  Sup.  Portici,  v,  p.  273  (1911).    Fig. 
Habitats— Argentina. 
On  Larrea  cuneata,  L.  divaricata. 

Lecanium  tenuivalvatum  Newstead. 

Lecanium  tenuivalvatum  Newst.,  Bui.  Ent.  Ree.,  ii,  2,  p.  92  (1911).    Fig. 

Habitat— Uganda. 

On  citronella  grass. 

Lecanium  tremss  Newetead. 

Lecanium  (Eulecanium)  tremx  NewBt.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  162  (1911). 

Fig. 
Lecanium  (Eulecanium)  tremss  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  93  (1911). 

Habitat — German  East  Africa. 

On  Trema  guineensis. 

Saissetia  sflvestxii  Leonardi. 

Saissetia  sUvestrii  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  275  (1911).    Fig. 
Habitat— Argentina. 
On  Zuccagnia  punctata. 

Subfamily  DIASWNJB. 

Chionaspia  africana  Newstead. 

Chionaspis  afrioana  Newst.,  Zool.  anthr.  Ergeb.  weetl.  centr.  Sudafr.,  v,  1,  p.  19 

(1912).    Fig. 

Habitat— Southwest  Africa. 

On? 

Chionaspis  amaniensia  Lindinger. 

Chionaspis  amaniensis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  42  (1910).    Fig. 
Habitat— German  East  Africa. 
On  underside  of  an  undertermined  dicotyledonous  leaf. 

Chionaspia  arthrocnemi  Lindinger. 

Chionaspis  arthrocnemi  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  11,  p.  354  (1911). 
Fig. 
Habitats-Turkey. 
On  Artkrocnemum  maerostachyum. 

Chionaspis  canaxiensis  Lindinger. 

Chionaspis  canariensis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  26  (1911).    Fig. 

Habitat — Canary  Islands. 

On  Plocama  pendula,  Micromeria  ericifolia,  M.  linki,  M.  teneriffm,  M.  terebinthacea, 

Micromeria  sp.,  Ruta  oreojasme,  Salsola  longifolia,  Cneorum  pulverulcntum, 

Cytisus  Jiliper. 

Chionaspis  cassias  Newstead. 

Chionarpu  cassia  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  89  (1911).    Fig. 
Habitat — Uganda. 
On  Cassia  fioribunda. 

Chionaspis  longispina  Newstead. 

Chionaspis  longispina  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  88  (1911).    Fig. 
Habitat— Egypt. 
On  Justida  alba. 
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Chionaspis  mytilaspiformia  Newstead. 

Chionaspis  mytMasptformis  Newst.,  Zool.  anthr.  Ergeb.  weed,  zentr.  Sudafr.,  v,  1,  p.  19 

(1912).    Fig. 

Habitat — Southwest  Africa. 

On  Rhus  Umcea. 

Chionaspis  nudata  NewBtead. 

Chionaspis  nudata  Newst.,  Mitt.  cool.  Mua.  Berlin,  v,  2,  p.  170  (1911).    Fig. 

Habitat — German  East  Africa. 

On(P) 

Chionaspis  subnudata  Newstead. 

Chionaspis  subnudata  Newst.,  Zool.  anthr.  Ergeb.  west!,  sentr.  Sudafr.,  v,  1,  p.  19 

(1912).    Fig. 

Habitat — Southwest  Africa. 

On"iobarus." 

Diaspis  atlantica  Lindinger. 

Diaspis  atlantica  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  28  (1911).    Fig. 
Habitat — Canary  Islands. 
On  leaf  of  Junipcrus  phamicea. 

Diaspis  barrancorum  Lindinger. 

Diaspis  barrancorum  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  p.  29  (1911).    Fig. 
Habitat — Canary  Islands. 
On  Euphorbia  regis-jubx. 

Diaspis  parva  Lindinger. 

Diaspis  parva  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  44  (1910).    Fig. 
Habitat — German  East  Africa. 
On  leaf  and  twig  of  Loranihus  undulatus  var.  sagitttfolius. 

Diaspis  regularia  Newstead. 

Diaspis  regularis  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  86  (1911).    Fig. 
Habitat — Uganda. 
On(f) 

Aulacaspis  dnnamomi  mangif ersa  Newstead. 

Diaspis  (Aulacaspis)  cmnamomi  v.  mangij erx  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  86 

(1911).    Fig. 

Habitat — Egypt  (imported  from  Ceylon). 

On  mango. 

Phenacaspis  bussii  Newstead. 

Chionaspis  bussii  Newst.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  171  (1911)* 
Habitat — German  East  Africa. 
On  Macrolobium  sp. 

Phenacaspis  lutea  NewBtead. 

Chionaspis  lutea  Newst.,  Mitt.  zool.  Mus.  Berlin,  v,  2,  p.  169  (1911).    Fig. 
Habitat — German  East  Africa. 
On  forest  tree,  under  fungus. 

Phenacaspis  tangana  Lindinger. 

Phenacaspis  tangana  Lindgr. ,  Jahrb .  Hamb .  wiss.  Anst. ,  xxvii,  3,  p.  45  (1910) .    Fig. 
Habitat — German  East  Africa. 
On  leaf  of  Dracsena  sp. 
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Hemichionaapia  chionaapiformia  Newstead. 

Biaspis  (?)  chionaspiformis  Newst.,  Bui.  Ent.  Res.,  i,  3,  p.  198  (1910).    Fig. 
Ckionaspis  unita  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  43  (1910).    Fig. 
Mcinichionaspis  chvmaspitiformis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  Berichti- 

gung  (1910). 
Diaspis  (?)  chionaspiformis  Sasscer,  Catalogue  Coccida — IJI,  p.  68  (1911). 

Habitat — British  and  German  East  Africa. 

On  an  unknown  plant  and  Turrssa  sp. 

Crvpthemichionaspia  Lindinger.    Type,  nigra. 
CrypUumichionaspis  Lindgr.,1  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  5,  6,  p.  175  (1911). 

Crvpthemichionaapia  nigra  Lindinger. 

Orypthemiehionaspis  nigra  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  5,  6,  p.  175 
(1911).    Fig. 
Habitat — South  Australia. 
On  Acacia  salidna;  Phyllodien. 

Leucaapia  indisd-orientalia  Lindinger. 

JLeucaspisindis^orientalis  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  4,  p.  127  (1911). 

Fig. 

Habitat — India. 

On  Pinus  kasya. 

Fiorinia  afrieana  Newstead. 

Fwrinia  afrieana  Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  90  (1911).    Fig. 

Habitat— Egypt. 

On  poplar. 

Fiorinia  neo-caledonica  Lindinger. 

FioHnianeo-<alcdonica  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  5-6,  p.  176  (1911). 
Fig. 
Habitat — New  Caledonia. 
On  Bssckia  pinifolia. 

Fiorinia  odinae  multipora  Lindinger. 

Fiorinia  odinx  muUipora  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  4,  p.  126  (1911). 
Habitat—India. 
On  Taxus  wallichiana. 

Genus  CRYFTASPIDTJS  Lindinger.    Type,  nucum. 

Cryptaspidus  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  43  (1910). 

Cryptaapidua  nucum  Lindinger. 

Cryptaspidus  nucum  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  43  (1910).    Fig. 
Habitat— Madagascar. 
On  scales  of  fruit  of  Cocos  nucifera. 

Aonidia  glanduloaa  Newstead. 

Aonidia  glandulosa  Newst.,  Draper  (sine  descr.),  Scale  Ins.  of  Egypt,  p.  11  (1907). 

Sanders,  Catalogue  Coccidse— II,  p.  56  (1911). 

Newst.,  Bui.  Ent.  Res.,  ii,  2,  p.  103  (1911).    Fig. 
Habitat— Egypt. 
On  "sunt"  tree  (Acacia  arabica). 


'Includes  Fiorinia  acod*  Mask.,  F.  Udgetti  Green,  and  CrypthemickioMtpi*  nign  a.  sp. 
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Aonidia  longa  Lindinger. 

Aonidia  longa  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  5,  6,  p.  172  (1911).    Fig. 
Habitat— New  Caledonia. 
On  Podoearpus  gnidioides. 

Aonidia  (?)  paradoTa  Lindinger. 

Aonidia  (?)  paradoxa  Lindgr.,  Zeitschr.  f.  win.  Insektenbiol.,  vii,  5,  6,  p.  173  (1911). 
Fig. 
Habitat — South  Australia. 
On  Casuarina  glauca. 

Aonidia  (?)  targioniopsis  Lindinger. 

Aonidia  (?)  targionioptii  Lindgr.,  Zeitschr.  f.  wise.  Insektenbiol.,  vii,  3,  p.  80  (1911). 
Fig. 
Habitat — Burma. 
On  Miliusa  velutina. 

Aonidia  viridia  Lindinger. 

Aonidia  viridis  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  3,  p.  86  (1911).    Fig. 
Habitat — India. 
On  upper  side  of  leaf  of  Aglaia  minutiftora. 

Cryptaspidiotus  aonidioides  Lindinger. 

Cryptaspidiotus  aonidioide$  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  21  (1911)* 
Fig. 
Habitat — Canary  Islands. 
On  leaves  of  Lauras  canariensis,  Apollonias  canariensis. 

Cryptaspidiotus  austro-africanus  Lindinger. 

Cryptaspidiotus  austro-africanus  Lindgr.  (Brick),  Jahrb.  Hamb.  wiss.  Anst.,  xxvii, 

p.  505  (1910). 
Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  41 
(1911).    Fig.  and  description. 
Habitat— Natal. 
On  Euphorbia  sp. 

Aspidiotus  argentina  Leonard  i. 

Aspidiotus  (Hemiberlesia)  argentina  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  277  (1911). 
Fig. 
Habitat — Argentina. 
On  Ophryoporus  andinus. 

Aspidiotus  bavaricua  Lindinger. 

Aspidiotus  (Diaspidiotus)  bavaricus  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  viii,  1, 
p.  31  (1912). 
Habitat — Bavaria,  Prussia,  Austria,  Norway,  England  (?),  and  Portugal  (?). 
On  CaUuna  vulgaris,  Erica  tetralix. 

Aspidiotus  canariensis  Lindinger. 

Aspidiotus  canariensis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  12  (1911).    Fig. 
Habitat — Canary  Islands. 
On  stem  and  branch  of  Argyranthemumjrutescens. 
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Aspidiotu*  euphorbia*  NewBtead. 

(Selenaspidus)  euphorbim  Newst.,  Zool.  anthr.  Ergeb.  weetl.  zentr.  Sudafr., 
v,  1,  p.  18  (1912).    Fig. 
Habitat — South  Africa. 
On  Euphorbia  viro*a. 

Aspidiotu*  flasidens  pluridentatu*  Lindinger. 

Aspidiotu*  fissidens  pluridentatus  Lindgr.,  Jahrb.  Hamb.  wise.  Anst.,  xxvii,  3,  p.  35 
(1910). 

Habitat — German  East  Africa,  Mozambique. 

On  leaves  of  Bo$quiea  cerasiflora,  Sideroxylon  inerme,  Chrytophyllum  stuhlmanii. 

Aspidiotu*  flssu*  Lindinger. 

Aspidiotu*  fissus  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  35  (1910).    Fig. 
Habitat — Abyssinia. 
On  Euphorbia  sp. 

Aspidiotu*  furcrssicola  Lindinger. 

Aspidiotu*  furcrtticola  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  36  (1910).    Fig. 
Habitat — German  East  Africa. 
On  underside  of  leaf  of  Furcrssa  gigantia. 

Aspidiotu*  gymnosporiss  Lindinger. 

Aspidiotu*  gymnosporiss  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  13  (1911) 
Fig. 
Habitat — Canary  Islands. 
On  leaf  of  Gymno$poria  cassinoide*. 

Aspidiotus  lauretorum  Lindinger. 

Aspidiotu*  lauretorum  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  15  (1911). 
Fig. 
Habitat — Canary  Islands. 

On  Dracssna  draco,  Gymnosporia  cassinoide*,  Ilex  canariensi* ,  I.  platyphylla,  Oreo- 
daphne  fatten*,  Picconia  exceUa,  Smilax  canariensi* ,  Hedera  helix  cajiariensi*, 
Apollonia*  canariensi*,  Heberdenia  exceUa,  Lauru*  canariensi*,  and  Lauracese. 

Aspidiotu*  mam  mill  aria  Lindinger. 

Aspidiotu*  mammillaris  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  37  (1910). 
Fig. 
Habitat — Abyssinia. 
On  surface  of  leaves  of  Aloe  eru. 

Aspidiotu*  reticulata*  Newstead. 

Aspidiotus  reticulatu*  Newst.,  Zool.  anthr.  Ergeb.  westl.  zentr.  Sudafr.,  v,  1,  p.  17 
(1912).    Fig. 
Habitat — Southwest  Africa. 
On  monocotyledon  (?} 

9 

Chrysomphalu*  samoana  Lindinger, 

Ckrysomphalu*  (Melanaspis)  samoana  Lindgr.,  Zeitschr.  f.  wiss.  Insektenbiol.,  vii,  5,  6, 
p.  177(1911).    Fig. 
Habitat — Island  of  Samoa. 
On  Myristica  hypargyrxa. 
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Aspidiotus  schultzei  Newstead. 

Aspidiotus  (Selenaspidus)  schultzei  Newst.,  Zool.  anthr.  Ergeb.  westl.  zentr.  Sudafr., 
v,  1,  p.  18  (1912).     Fig. 
Habitat — Southwest  Africa. 
On  succulent  plant. 

Aspidiotus  taorensis  Lindinger. 

Aspidiotus  taorensis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  17  (1911).    Fig. 
Habitat — Canary  Islands. 
On  Euphorbia  aphylla,  E.  regis-jubx. 

Aspidiotus  tectarius  Lindinger. 

Aspidiotus  tectarius  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvi,  3,  p.  20  (1909).    Fig. 
Habitat — South  America. 
On  leaves  of  Euphorbia  sp. 

Aspidiotus  tinerfensis  Lindinger. 

Aspidiotus  tinerfensis  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  18  (1911),    Fig. 
Habitat — Canary  Islands. 
On  Dracxna  draco. 

Aspidiotus  tsugse  Marlatt. 

Aspidiotus  (DiaspiaSotus)  tsugx  Marlatt,  Ent.'News,  xxii,  9,  p.  385  (1911).    Fig. 
Habitat — Japan . 
On  Japanese  hemlock  ( Tsuga  sp.). 

Aspidiotus  varians  Lindinger. 

■ 

Aspidiotus  varians  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxvii,  3,  p.  39  (1911).    Fig. 
Habitat — German  East  Africa,  Madagascar. 
On  leaf  and  scales  of  fruit  of  Cocos  nucifera. 

Targionia  (P)  campylanthi  Lindinger. 

Targionia  (?)  campylanthi  Lindgr.,  Jahrb.  Hamb.  wiss.  Anst.,  xxviii,  3,  p.  25  (1911). 
Fig. 
Habitat — Canary  Islands. 
On  Campylanthus  solsoloides. 

Targionia  fabianso  Leonard i. 

Targionia  fabianx  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  278  (1911).    Fig. 
Habitat — Argentina. 
On  Fabiana  denudata. 

Genus  PROTARGIONIA  Leonard i.    Type,  larrex. 

Protargionia  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  280  (1911). 

Protargionia  larresB  Leonardi. 

Protargionia  larreat  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  280  (1911).    Fig. 
Habitat — Argentina. . 
On  Larrea  divaricata,  L.  cuneata. 

Lepidosaphes  fasciata  Green. 

Lepidosaphes  ( My tilaspis)  fasciata  Green,  Jn.  Econ.  Biol.,  vi,  2,  p.  31  (1911).    Fig. 
Habitat— Ceylon . 
On  leaves  of  Hevea  brasiliensis. 
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Lepidosaphea  travancorenaia  Lindinger. 

Lepidosaphe$  travancorensii  Lindgr.,  Zeitechr.  f.  wiss.  Insektenbiol.,  vii,  4,  p.  127 
(1911).    Fig. 
Habitat — India. 
On  undereide  of  leaf  of  Aglaia  minvliflora* 

Genus  DINA8PI8  Leonard!.    Type,  ichesiu 

Diruupii  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v.  p.  282  (1911)* 

Dinaapis  icheaii  Leonard  i. 

Dinaspis  ichesii  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  282  (1911)4    Fig. 
Habitat — Argentina. 
On  Ephedra  andina. 

Dinaspis  lahillei  Leonard  i. 

Dinaspis  lahillei  Leon.,  Bol.  Zool.  Sc.  Sup.  Portici,  v,  p.  283  (1911).    Fig. 
Habitat — Argentina. 
On  Bulvesia  retana. 

Ischnaspis  spathulata  Lindinger. 

Ischnaspis  spathulata  Lindgr.,  Zeitechr.  f.  wise.  Insektenbiol.,  vii,  4,  p.  127  (1911). 

Fig. 
Habitat — India. 
On  underside  of  leaf  of  Atica  obscura. 

Parlatoria  ephedra  Lindinger. 

Parlatoria  ephedrx  Lindgr.,  Zeitechr.  f.  wise.  Insektenbiol.,  vii,  4,  p.  129.    Fig. 
Habitat — Persia. 
On  Ephedra  intermedia,  E.  nebiodensis,  E.  nebiodensis  var.  procera* 

Parlatoria  haatata  Lindinger. 

Parlatoria  hastata  Lindgr.,  Zeitechr.  f.  wiss.  Insektenbiol.,  vii,  4,  p.  129  (1911).    Fig. 
Habitat — Borneo. 
On  leaf  of  Gnetum  scandens. 

Cryptoparlatorea  uberifera  Lindinger. 

Cryptoparlatorea  uberifera  Lindgr.,  Zeitechr.  f .  wiss.  Insektenbiol.,  vii,  4,  p.  126  (1911). 
Fig. 
Habitat — Philippine  Islands. 
On  leaves  of  Artocarpus  sp.  and  Mallotus  philippinensis. 

Cryptoparlatorea  parlatoreiodes  Lindinger. 

Cryptoparlatorea  parlatoreiodes  Lindgr.,  Zeitechr.  f.  wiss.  Insektenbiol.,  vii,  3,  p.  89 
(1911).    Fig. 
Habitat — India. 
On  surface  of  leaf  of  Xanthophyllum  Jlavescens. 


CORRECTION  TO  CATALOGUE   HI— 1011. 

On  page  66  the  heading  "  Subfamily  Coccinee"  should  be  transferred  to  page  65  to 
precede  Ceroplastidia,  line  17  from  bottom. 
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(1906). 
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Cherm.  Ital. — Chermotheca  Italica. 
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AN  INDEX  TO  CATALOGUES  OF  RECENTLY  DESCRIBED 
COCCnXffi  INCLUDED  IN  TECHNICAL  SERIES  NOS.  12 
AND  16. 

By  E.  R.  SA88CER, 

Scientific  Assistant. 

This  index  of  Coccidae  includes  all  those  forms  contained  in  the 
following  papers:  Technical  Series  No.  12,  Part  I,  "Catalogue  of 
Recently  Described  Coccidse  "  (1906)  and  Technical  Series  No.  16,  Part 
III,  "Catalogue  of  Recently  Described  Cocciche— II"  (1909),  by 
James  G.  Sanders;  Technical  Series  No.  16,  Part  IV,  "Catalogue  of 
Recently  Described  Coccidse — III"  (1911)  and  Technical  Series  No.  16, 
Part  VI,  "Catalogue  of  Recently  Described  Coccida*— IV"  (1912),  by 
E.  R.  Sasscer.  It  is  thus  intended  that  it  shall  be  an  index  to  all 
the  forms  described  and  published  since  the  issuance  of  Mrs.  Fernald's 
"Catalogue  of  Coccidae"  in  1903,  making  it  unnecessary  to  search 
through  each  of  the  four  separate  papers  to  find  the  desired  citation. 
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Series  No.  Page. 

aberemose 16  70 

aberrans 16  71 

acacice 16            •  91 

Aclerda 16                 47, 67 

Actenaepis 16  50 

Adiecofiorinia 16  50 

africana,  Chionaspis 16  89 

africana,  Diaspis 16  68 

africana,  Fiorinia 16  91 

africana,  Antonina  (?) ." 16  43 

africana,  Lecaniodiaspis 16  84 

africana,  Walkeriana 16  61 

africanus,  Aepidiotus 16  51 

africanus,  Monophlebus 16  83 

africanus  senegalensis 16  44 

ai&sawarensis 16  65 

aijifoliae , 16  40 

Akermes 16  46 

alba 12  16 

albizziae 12  6 

16  87 

alboepicatus 16  63 

alluaudi 12  4 
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alni 

amaniensis. . . 

ambigua 

Amelococcus. 

americana 

Anamaspis. . . 
Anamefiorinia 

ananasste 

andersoni. . . . 

andinus 

angusta 

angustata. . . . 

anomala 

antigoni 

Antonina 

Aonidia 


Aonidiella 

aonidioidcs 

Aonidomytilus 

arbutus  6.  sp 

Arctorthezia 

arctostaphyli 

argcntina,  Tachardia. 
argentina,  Pulvinaria. 
argentina,  Aspidiotus. 

argentinus 

aridorum 

*  *  m 

ani. .  • 

armatus 

arthrocnemi 

arundinarisD 

Aspidiotus 

aspidistra*  gossypii . . . 

Aspidioproctus 

assimilis 

Asterolecanium 

atalantia;,  Parlatoria. 
atalantiae,  Fiorinia... 

atlantica 

Atriplicia 

Aulacaspis 

aurantiaca 

aurantii 

aurieulata 

australis 

australiss.  sp 
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augtroafricanus 16  92 

azadirachtse 16  63 

bacciformis .. 16  36 

baculifera 16  36 

badius 16  84 

bahi* 16  37 

bakeri 1 : 16  64 

Bambusaspis 12  3 

banksiie 12  18 

barberi 16  48 

bambusano 16  55 

barrancorum 16  fiO 

bavaricus 16  92 

beckiioleee 16  56 

betheli 12  6 

beyerae 16  56 

bezzii 16  37 

biafrae 16  70 

bicolor 16  57 

bicornis 12  17 

bicruciatus 12  8 

bidens 12  13 

biformis * 16  54 

bipindensis 16  71 

Bircbippia 16  85 

bituberculatum 16  46 

biwakoensis 16  47 

bohemicus 16  86,87 

boninsis 16  64 

bornmulleri 12  15 

breviseta 16  88 

bnineri  8.  sp 12  11 

bupleuri 12  12 

burkilli 16  43 

buseei,  Ceroplastes 16  44 

bussii,  Phenacaspis 16  90 

buzeneneis 16  71 

cadi  ceylonicus 16  38 

cserulea 12  6 

calophylli 12  9 

r>ftliftr>thinft 12  18 

californica 16  35 

caliiomicus,  Trionymus 16  86 

califofnicus,  Aspidiotus 12  13 

campylanthi 16  94 

canariensis,  Chionaspis 16  89 

canariensis,  Aspidiotufl 16  92 

Candida,  Icerya 12  2 

Candida,  Chionaspis 12  10 

Candida,  Chionaspis 16  48 

candidata....". 16  42 

capensis.. 12  13 

16  54 
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capsulatus 12 

carinata 12 

cassiae 16 

cassinise 12 

castanesB 16 

castilloee 16 

catalinse 16 

caudata 16 

cecconi,  Lecanium 16 

cecconi,  Aspidiotus 16 

cecropiae 16 

celluloea 16 

celtis 16 

celtium 16 

ceratonise 12 

Cercococcus 16 

ceriferum,  Asterolecanium 16 

ceriferum  prominens,  Asterolecanium 16 

Cerococcus 16 

Ceronema 16 

Ceroplastes 12 

16 

Ceroplastidia  s.  g 16 

Ceroplastina  s.  g 16 

Ceroplastodes 16 

Ceroputo 16 

ceylonica,  Pollinia 16 

ceylonica  s.  sp.,  Hemichionaspis 12 

ceylonicus 16 

chelonioides 16 

chenopodii 16 

chilina 16 

chilopsidis 16 

chinensis 16 

Chionaspis 12 

16 

chionaspiformis 16 

chionaspiti/ormis 16 

clusise 16 

chitinoeus 16 

chiton 16 

cholodkovsky  i 16 

ChryBomphalus 12 

16 

cinerea 16 

cingala 12 

cinnamomi,  Chionaspis 12 

cinnamomi  mangi ferae,  Aulacaspis 16 

Cissococcus  (?) 16 

cLstuloides 12 

citri  coleorum 16 

citricola 16 
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Coccin  M 12  6 

16      43,66,87,95 

coccineus 16  64 

coccophybe 16  47 

coccura 16  39 

Coccus 12  8 

16  45, 67,88 

cockerelli 12  4 

cockerelliana 12  16 

cocotiphagus 16  51 

coffese 16  40,84 

colemani 16  39 

coleorum 16  40 

colimensis : 12  2 

16  58 

coloradensis ; 12  7 

comari 16  39 

comperei 16  52 

CoNCHASPINjE 12  3 

16  35 

Conchaspis 12  3 

conchiformifl 16  68 

concolor,  Physokermee 12  10 

concolor,  Aonidomytilus 12  16 

coniferarum  shastee 12  13 

conservans 16  69 

cordaliae 16  87 

cordis 12  11 

coronatum 16  62 

coronifera 12  11 

corrugata 12  17 

corea 12  12 

cortical  is  s.  sp 16  37 

corticis-pini 16  62 

corticoidee  s.  sp 12  14 

coryli 16  46 

coulteri 12  6 

coursetise 16  52 

crenulata 12  16 

cristata  s.  sp.,  Icerya 16  34 

cristata,  Paeudoparlatoria 16  71 

crotonis 12  5 

16  86 

crudia 16  72 

crustuliforme 16  67 

cryphxformxs 16  48 

Cryptaspidiotus 16  71, 92 

Cryptaspidus 16  91 

Crypthemichionaspis 16  91 

Cryptodiaspis  s.  sg 16  69 

Cryptoparlatorea 12  18 

16  95 

Gryptophyllaspis 12  15 
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cupressi,  Xeucaspis 12 

cupressi,  Pseudococcus 16 

cupreesi,  Sphaerococcus 16 

cuculis 12 
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curtisi 12 

cycliger 16 
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Dactylopius 16 

Dadylopius 16 

dealbata  s.  sp 12 

decorella  theee 16 

decurvata 12 

densiflora 16 

dentata 16 

dentilo  bis 16 

destef anni 16 

Diaspidiotus  s.  g 12 

16 

diaspiformis 16 

Diaspin^e 12 

16 

Diaspis 12 

16 

dimorphus 16 

Dinaspis 16 

discrepans 12 

distorta 16 

diversipee 12 

diversispinus 16 

donisthorpei 16 

draper! 16 

dudleyi 12 

ebeni 12 

echinata 12 

eglanduloeus 16 

ehrhorni 12 

elseidis 16 

elastica 12 

elegans 16 

elongatus,  Pseudococcus 12 

16 

elongatus  s.  sp.,  Cryptophyllaspis 12 

ephedra  var.,  Pseudococcus 12 

ephedra,  Leucaspis 16 

ephedrae,  Parlatoria 16 

epigsese 16 
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ericicola 16 

Eriococcus 12 
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feetiva 16 

fici,  Hemichionaspis 16 

fici,  Tachardia 12 
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Fiorinia 12 

16 
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glandi 

glandulosa 

gleditsiae 

Globulicoccus  e.  g 

glomerella 

goethei 

gorodetekia 

goaeypiis.  sp 

gowdeyi 

grabhami 

gracilis 

graminicola 

praminis 

graminis,  Odonaspis 

grandulifera 

greeni,  Asterolecanium. 
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U.  S.  Dbpaktment  of  Agkicultube, 

Bukuau  of  Entomology, 
Washington,  D.  C,  March  16,  1909. 

Sib:  I  have  the  honor  to  transmit  herewith  manuscript  of  the 
first  part  of  a  bulletin  of  the  technical  series  to  be  entitled  u  Contri- 
butions toward  a  Monograph  of  the  Scolytid  Beetles. "  This  family 
of  beetles  includes  some  of  the  most  important  enemies  of  North 
American  forests,  as  well  as  of  crude  forest  products,  and  therefore 
must  demand  special  attention  in  future  systematic  and  economic  in- 
vestigations by  this  bureau  and  by  forest  entomologists  connected 
with  other  public  institutions  and  private  enterprises.  It  is  necessary, 
as  a  foundation  for  such  work,  that  the  heretofore  described  species 
should  be  accurately  identified,  that  those  new  to  science  should  bo 
described,  and  that  this  information,  together  with  other  systematic 
data  based  on  original  research  by  this  bureau,  should  be  made  availa- 
ble in  the  form  of  contributions  to  a  monograph.  This  work  has 
been  undertaken  by  Dr.  Hopkins,  of  this  bureau,  and  the  greater 
part  of  the  collecting  and  working  up  of  the  material  has  been  com- 
pleted. Delay  in  publication  will  be  avoided,  and  it  is  believed  that 
the  published  results  will  be  more  useful  in  future  systematic  and 
economic  investigation  if  the  results  relating  to  groups  of  species 
which  have  similar  characters  and  characteristics  and  similar  rela- 
tions to  given  economic  problems  are  published  as  parts  of  a  bulletin 
rather  than  in  one  undivided  publication.  These  technical  parts 
are  to  be  supplemented  in  a  like  manner  by  parts  of  a  bulletin  of  the 
regular  series,  giving  information  of  immediate  practical  importance 
to  the  forester  and  owners  and  managers  of  private  forests. 

The  first  part  of  this  bulletin  is  entitled  "The  Genus  Dendrocto- 
0118."  It  embodies  the  results  of  extensive  systematic  investiga- 
tions of  the  genus,  carried  on  by  Dr.  Hopkins  during  the  past  17 
years,  and  is  of  especial  interest  and  importance  from  the  fact  that 
it  deals  with  a  small  group  of  beetles  which  are  the  most  destructive 
enemies  of  the  principal  coniferous  forest  trees  of  North  America. 

The  discussions  and  illustrations  relating  to  anatomical  and  tech- 
nical details  are  necessary  as  a  basis  for  the  correct  description,  inter- 
pretation, and  recognition  of  generic  and  specific  character,  on  which 
depends  the  future  success  of  economic  work  on  the  scolytid  beetles, 
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and  as  aids  in  the  preparation  of  technical  and  economic  contribu- 
tions to  the  monograph. 

I  recommend  the  publication  of  this  paper  as  Part  I  of  Technical 
Series,  No.  17,  of  the  Bureau  of  Entomology. 

Respectfully! 

L.  O.  Howabd, 

Ohief  of  Bureau. 
Hon.  Jambs  Wilson, 

Secretary  of  Agriculture* 
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PREFACE  TO  BULLETIN. 


During  the  writer's  investigations  of  extensive  insect  depredations 
in  the  forests  of  West  Virginia,  from  1890  to  1902,  he  was  forcibly 
impressed  with  the  importance  of  the  forest-insect  problem  in  any 
future  efforts  toward  the  successful  management  of  the  forests  of 
this  country,  and  was  thus  led  to  give  special  attention  to  the  sub- 
ject. It  was  soon  realized  that  among  the  principal  groups  of  insect 
enemies  of  forest  trees  the  scolytid  bark  and  wood  boring  beetles 
must  occupy  first  rank,  both  in  economic  importance  and  in  system- 
atic interest.  Subsequent  investigations  in  West  Virginia,  in  con- 
nection with  the  work  of  the  West  Virginia  Agricultural  Experiment 
Station,  and  in  all  of  the  principal  forest  regions  of  the  country,  in 
connection  with  the  work  of  the  Bureau  of  Entomology,  have  served 
to  confirm  these  first  impressions. 

In  these  investigations  special  efforts  have  been  made  to  acquire 
information  on  habits  and  seasonal  history  of  the  various  species, 
and  other  facts  relating  to  them,  and  to  collect  an  abundance  of  mate- 
rial for  systematic  study — all  to  form  a  basis  for  conclusions  in  regard 
to  the  principal  enemies  of  American  forests  and  practical  methods 
for  their  control. 

The  large  amount  of  material  has  been  pretty  thoroughly  worked 
over  and  identified,  and  synoptic  tables  and  descriptions  for  the 
greater  part  have  been  completed  for  some  time.  Delay  in  publish- 
ing the  results  of  the  systematic  part  of  the  investigations  has  seemed 
necessary,  in  order  that  sufficient  time  might  be  given  for  the  deter- 
mination of  taxonomic  details  as  a  basis  for  reliable  conclusions  in  a 
comprehensive  treatment  of  the  group  as  a  whole,  but  with  increas- 
ing duties  in  the  general  work  on  forest  insect  investigations,  and  the 
more  and  more  limited  time  available  for  systematic  work,  it  is  realized 
that  these  taxonomic  studies  can  not  be  completed  for  many  years. 

To  avoid  further  delay  in  the  publication  of  data  of  immediate 
interest  and  importance,  the  writer  has  decided  to  postpone  the  dis- 
cussion of  the  taxonomic  and  other  subjects  of  a  philosophical  nature, 
required  for  a  completed  monograph,  and  for  the  present  to  issue 
separate  contributions,  each  part  to  be  restricted  to  one  genus,  or,  at 
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most,  to  a  few  closely  allied  genera.  These  parts  will  include  synop- 
tic tables,  the  necessary  revisions  of  old  descriptions  of  species  and 
genera,  and  descriptions  of  genera  and  species  which  appear  to  be 
new  to  science. 

It  is  proposed  to  follow  these  technical  contributions  with  parts  of 
a  bulletin  in  the  regular  series,  to  include  the  determined  bionomic 
and  economic  facts. 

A  somewhat  comprehensive  treatment  of  the  anatomical  details, 
fully  illustrated,  is  given  in  Part  I  of  this  technical  bulletin  in  order 
that  it  may  serve  as  a  basis  for  reference  and  comparison  in  the  sub- 
sequent treatment  of  the  other  genera  and  groups  of  the 


LABELS  AND  RECORDS  OF  TYPE  AND  OTHER  MATERIAL. 

A  single  specimen  (a  female,  if  possible)  is  designated  as  the  type 

of  a  described  species  by  a  printed  red  label   ("Type  No.  , 

U.S.N.M."),  with  the  type  catalogue  number  of  the  U.  S.  National 
Museum  written  in  the  blank.  When  additional  specimens  are  avail- 
able, the  type,  with  one  other  specimen  representing  the  opposite  sex, 
labeled  "  $  type"  (or  "  ?  type")  on  red  label,  without  type  number, 
together  with  revision  types  a  and  other  specimens  showing  range  in 
variation,  constitute  the  type  series  which  is  deposited  in  the  type 
collection  of  the  U.  S.  National  Museum.  Other  paratypes  and  typ- 
ical examples  of  revised  descriptions,  comprising  one  or  more  speci- 
mens of  each  species  described,  are  marked  with  small  red  labels,  and 
together  with  the  duplicate  collection  of  pinned,  alcoholic,  and  bio- 
logic material,  are  kept  in  the  reference  collection  of  the  Branch  of 
Forest  Insect  Investigations,  Bureau  of  Entomology,  U.  S.  Depart- 
ment of  Agriculture. 

All  pinned,  alcoholic,  and  biologic  material  collected  or  received 
from  correspondents  are  referred  to  in  the  field  or  laboratory  records 
and  bears  number  labels,  each  number  referring  to  a  consecutively 
numbered  record  of  the  observations  made  at  the  time  the  specimens 
were  collected  or  received. 

Material  collected  by  the  writer  during  his  connection  with  the 
West  Virginia  Agricultural  Experiment  Station  between  1890  and 
1902  is  designated  by  "Hopk.  W.  Va.,"  number  labels.  Material 
collected  by  the  writer  during  his  temporary  employment  on  special 
explorations  and  trips  of  investigation  for  the  U.  S.  Department  of 
Agriculture  between  1899  and  July,  1902,  as  well  as  that  collected 
during  the  investigations  of  forest  insects  subsequent  to  April,  1902, 
or  received  from  correspondents,  is  distinguished  by  a  "Hopk.  U.  S." 
number  label.     In  addition  to  the  note  number  label  each  completely 

«The  term  " revision  type"  is  used  to  designate  the  specimens,  male  and  female, 
on  which  a  revised  description  is  based. 
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labeled  mounted  specimen  bears  labels  which  supply  the  following 
data:  Collector  or  correspondent,  locality,  collecting  or  rearing  date, 
host,  and  sex.  The  numbered  notes  are  permanently  bound  in  vol- 
umes of  1,000  numbers,  each  note  relating  to  one  or  more  species  and 
to  one  or  more- specimens.  The  "Hopk.  W.  Va."  numbers  begin  with 
1  and  were  limited  in  June,  1902,  to  7,791,  and  in  January,  1907,  to 
7,793.  The  "Hopk.  U.  S."  numbers  began  with  1  in  April,  1899,  and 
will  be  limited  to  the  period  during  which  the  writer  is  in  charge  of 
the  Branch  of  Forest  Insect  Investigations  in  the  Bureau  of  Ento- 
mology. 

MATERIAL   STUDIED. 

Unless  otherwise  mentioned,  the  material  which  forms  the  basis  of 
information  and  study,  so  far  as  it  relates  to  matter  in  this  bulletin, 
is  that  bearing  the  "Hopk.  U.  S."  or  "Hopk.  W.  Va."  note  numbers. 
The  former  is  in  the  forest  insect  collection  of  the  Bureau  of  Ento- 
mology, U.  S.  Department  of  Agriculture;  the  latter  belongs  to  the 
collection  of  the  West  Virginia  Agricultural  Experiment  Station,  but 
at  present  is  in  charge  of  the  author,  and  forms  a  distinct  part  of  the 
forest  insect  collection  of  the  Bureau  of  Entomology. 

ABBREVIATIONS. 

The  abbreviations  adopted  in  this  publication  in  referring  to  mate- 
rial in  the  different  collections  examined  and  that  identified  by  the 
writer  are  as  follows: 

D.  A. — Division  and  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture, 
Washington,  D.  C,  other  than  Hopk.  U.  S. 

Hopk.  U.  S. — Branch  of  Forest  Insect  Investigations,  Bureau  of  Entomology,  U.  S. 
Department  of  Agriculture,  Washington,  D.  (\ 

Hopk.  W.  Va. — W.  Va.  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 

U.  S.  N.  M. — U.  S.  National  Museum,  Washington,  D.  C. 

H.  &  S. — H.  G.  Hubbard  and  E.  A.  Schwarz  collection  in  the  U.  S.  National  Museum. 

B.  &  S.— Collected  by  H.  S.  Barber  and  E.  A.  Schwarz  for  the  U.  S.  National 
Museum. 

Soltau. — H.  Soltau  collection  in  the  U.  S.  National  Museum. 

Lee. — Le  Conte  collection,  Museum  of  Comparative  Zoology,  Cambridge,  Mass. 

Horn. — Horn  collection,  American  Entomological  Society,  Philadelphia,  Pa. 

A.  E.  S. — American  Entomological  Society,  Philadelphia,  Pa. 

A.  M.  N.  H. — American  Museum  of  Natural  History,  New  York,  N.  Y. 

N.  Y.  S.  M. — New  York  State  Museum,  Albany,  N.  Y. 

Harris. — Harris  collection,  Boston  Society  of  Natural  History,  Boston,  Mass. 

Pitch. — Asa  Fitch  collection,  as  represented  in  the  U.  S.  National  Museum. 

Wickham. — Wickham  collection  of  Scolytida*  in  the  U.  S.  National  Museum. 

ACKNOWLEDGMENTS. 

The  writer  desires  to  acknowledge  the  indispensable  assistance  and 
encouragement,  during  his  earlier  studies   of   the   scolytid  beetles 


VIII  THE  SCOLYTID   BEETLES. 

(1890-94),  rendered  by  Mr.  E.  A.  Schwarz,  of  the  U.  S.  National 
Museum,  Oberforster  W.  Eichhoff,  of  Strasburg,  Germany,  Mr.  W.  H. 
F.  Blandford,  of  London,  England,  and  M.  L.  Yillard,  of  Lyon, 
France.  Messrs.  Eichhoff  and  Schwarz  especially  were  most  kind 
and  generous  in  furnishing  identifications  of  species  and  in  liberally 
loaning  and  donating  specimens.  Finally,  the  writer  wishes  to  ac- 
knowledge the  help  of  his  associates  and  assistants  during  the  prose- 
cution of  the  work,  and  especially  Mr.  W.  E.  Rumsey,  of  the  West 
Virginia  Experiment  Station,  and  the  office  and  field  force  of  the 
Branch  of  Forest  Insect  Investigations,  in  the  Bureau  of  Entomology. 

A.  D.  H. 


CONTENTS. 


Page. 

Introductory 1 

Historical 3 

Original  description  of  genus 4 

Translation 4 

Synonymy '. 5 

Revisional  notes : 5 

Revised  description  of  genu? 5 

Anatomical 5 

Nomenclature 7 

Illustrations 9 

External  characters  of  the  imago 9 

The  head...*. 11 

The  thorax 22 

Divisions  of  the  thoracic  segment 23 

Elements  of  the  adult  thorax 26 

The  prothorax 26 

The  mesothorax 28 

Mesotergum 28 

Mesoplura 29 

Mesosterna 30 

The  metathorax 30 

Metatergum 30 

Metapleura 34 

Metasterna 35 

The  abdomen 35 

Abdominal  tergites 36 

Abdominal  pleurites 38 

Abdominal  sternites 38 

Spiracles 39 

The  legs 39 

The  wings 40 

Mesothoracic  and  mctathoraoio  wing** 42 

Metathoracic  or  hind  wings 43 

Mesothoracic  wings  or  elytra 49 

Internal  anatomy 51 

Digestive  system 52 

Secondary  sexual  characters %     52 

Pupa 53 

Larva 57 

External  characters 57 

Digestive  system 64 

Eggs ! 64 

Physiological  characteristics 64 

IX 


X  THE  SCOLYTID   BEETLES. 

Specific  distinctions 66 

Range  or  limits  of  specific  variation 66 

Progressive  modifications 67 

Distinction  of  major  and  minor  divisions  of  the  genus 68 

Plan  of  synoptic  treatment 69 

Synopses  of  morphological  and  physiological  character* 69 

Synopsis  of  adult  characters 60 

Synopsis  of  secondary  sexual  characters 73 

Synopsis  of  pupal  characters 73 

Synopsis  of  larval  characters 75 

Synopsis  of  gallery  characters 76 

**Table  of  distribution 77 

Table  showing  relation  of  species  to  host  trees 7S 

Table  of  host  trees 79 

Revision  and  systematic  notes,  with  descriptions  of  new  species 79 

Distinctive  generic  characters 79 

Bibliography  and  synonymy  of  genus 80 

Division  1 81 

Subdivision  A 81 

1.  Dendroclonus  brevicomis  Le  Conte 81 

2.  Dendroclonus  barberi  n.  sp 85 

3.  Dendroclonus  convexifrons  n.  sp * 87 

4.  Dendroclonus  frontalis  Zimmerman 90 

5.  Dendroctonu8  arizonicus  n.  sp 95 

6.  Dendroctonu8  mexicanus  Hopkins 97 

7.  Dendroclonus  parallelocollis  Chapuis 99 

8.  Dendroclonus  approximatus  Dietz 101 

Subdivision  B 105 

9.  Dendroclonus  monticolx  Hopkins 105 

10.  Dendroclonus  pondcrosas  Hopkins 109 

11.  Dendroclonus  jeffreyi  n.  sp 114 

Division  II 116 

Subdivision  C 117 

12.  Dendroclonus  simplex  Le  Conte 117 

13.  Dendroclonus  pseudolsugx  Hopkins 121 

14.  Dendroclonus  piceaperda  Hopkins 126 

15.  Dendroclonus  engelmanni  n.  sp 130 

16.  Dendroctonus  borcalis  n.  sp 133 

17.  Dendroctonus  obesus  (Mannerheim) 135 

18.  Dendroctonus  rujipennis  (Kirby) 138 

19.  Dendroctonus  murrayanx  n.  sp HO 

20.  Dendroctonus  punctafus  Le  Conte 142 

21 .  Dendroctonus  micans  (Kugelann) 143 

Subdivision  D ,  146 

22.  Dendroctonus  terebrans  (Olivier) 147 

23.  Dendroclonus  valens  Le  Conte 151 

24.  Dendroctonus  adjunclus  Blandford 157 

Bibliography 159 


ILLUSTRATIONS. 


PLATES. 

Page. 
Plate  I.  Classification  of  the  genus  Dendroctonus,  showing  technical  and  com- 
mon names  and  species  numbers 1 

II.  Map  of  world,  showing  geographical  distribution  of  the  genus  Den- 

dnctanus..: 80 

HI.  Dendroctonus  adults.    Fig.  1. — D.  brevicomis.    Fig.  2. — D.  barberi. 
Fig.  3. — D.  convexifrons.    Fig.  4. — D.  frontalis.    Fig.  5. — D.  ari- 

zonicus.    Fig.  6. — D.  mexkanus.     Fig.  7. — D.  parallelocollis 164 

IV.  Dendroctonus  adults.     Fig.  8. — D.  approximatus.    Fig.  9. — D.  monti- 

colse.     Fig.  10. — D.  ponderosse.     Fig.  11. — D.  jeffreyi 164 

V.  Dendroctonus  adults.     Fig.  12. — D.  simplex.     Fig.   13. — D.  pseudo- 

tsugx.    Fig.  14. — D.  pkeaperda.    Fig.  16. — D.  borealis 164 

VI.  Dendroctonus  adults.    Fig.  17. — D.  obesus.    Fig.  18. — D.  rufipennis. 

Fig.  20.— D.  punctatus.    Fig.  21. — D.  micans 164 

VII.  Dendroctonus  adults.     Fig.  22. — D.  terebrans.    Fig.  23. — D.valens 164 

VIII.  DendroctonuslsLTvse.    Fig.  1. — D.brevkomis.    Fig.  19. — D.murrayanx. 

Fig.  23.— D.  valens 164 

TEXT  FIGURES. 

Fig.   1.  Dendroctonus  valens:  Adult,  dorsal  aspect 6 

2.  Dendroctonus  valens:  Adult,  ventral  aspect 8 

3.  Dendroctonus  valens:  Adult,  lateral  aspect 9 

4.  Dendroctonus  valens:  Head,  dorsal  and  lateral  aspects 12 

5.  Dendroctonus  valens:  Head,  ventral  aspect,  and  mouth  parts 13 

6.  Dendroctonus  valens:  Head,  oral  aspect,  epistoma,  etc 14 

7.  Pterostichus  californicus:  Head,  dorsal  and  ventral  aspects. 15 

8.  Pissodes  strobi:  Head,  ventral  aspect,  and  mouthparts 16 

9.  Pissodes  strobi:  Head,  dorsal  aspect,  and  mandibles 17 

10.  Dendroctonus:  Epistomata 19 

11.  Dendroctonus:  Antennae 20 

12.  Dendroctonus:  Antennae 20 

13.  Dendroctonus:  Antennae 21 

14.  Dendroctonus  valens:  Mandible 22 

15.  Dendroctonus:  Eyes 23 

16.  Dendroctonus  valens:  Areas  of  pronotum 23 

17.  Dendroctonus  valens:  Areas  of  prothorax,  ventral  aspect 24 

18.  Dendroctonus  valens:  Mesothorax,  ventral  aspect 24 

19.  Dendroctonus  valens:  Mesotergum  and  mesopleurum 28 

20.  Dendroctonus  valens:  Metatergum  and  metapleurum 31 

21.  Dendroctonus  valens:  Metatergum,  inner  aspect 33 

22.  Dendroctonus  valens:  Abdominal  tergites 35 

23.  Dendtoctonus  valens:  Male,  abdominal  tergites  7  and  8 36 

24.  Dendroctonus  valens:  Female,  abdominal  tergites  7  and  8 37 

XI 


XII  THE  SCOLYTID   BEETLES. 

Page. 
Fig.  25.  Dendroctonus  valens:  Abdominal   sternites,    ventral   and   lateral   as- 
pects   38 

26.  Dendroctonus  valens:  Tibia,  tarsus,  articulation,  etc. . . 40 

27.  Dendroctonus:  Left  tibiae,  dorsal  and  ventral  aspects 41 

28.  Dendroctonus:  Left  tibiae,  dorsal  and  ventral  aspects 42 

29.  Dendroctonus:  Left  tibiae,  dorsal  and  ventral  aspects 43 

30.  Dendroctonus  valens:  Diagram  of  basal  area  of  hind  wing 44 

31.  Dendroctonus  valens:  Right  elytron,  ventral  aspect 45 

32.  Dendroctonus  valens:  Basal  process  of  right  elytron 46 

33.  Dendroctonus  valens:  Declivital  section  of  elytra 46 

34.  Dendroctonus  valens:  Diagram  of  elytron,  showing  striae,  interspaces, 

and  tracheae 47 

35.  Dendroctonus  valens:  Digestive  organs  of  adult 52 

36.  Dendroctonus  valens:  Fore  intestine,  showing  details 53 

37.  Dendroctonus  valens:  Pupa,  dorsal,  lateral,  and  ventral  aspects 54 

38.  Dendroctonus  valens:  Pupa,  lateral  and  anal  aspects 55 

39.  Dendroctonus  valens:  Larva,  dorsal,  lateral,  and  ventral  aspects 58 

40.  Dendroctonus  valens:  Head  of  larva 59 

41.  Dendroctonus  valens:  Mouth  parts  of  larva GO 

42.  Dendroctonus  valens:  Mandibles  of  larva 63 

43.  Dendroctonus  valens:  Digestive  organs  of  larva. 65 

44.  Dendroctonus  brevicomis:  Egg  galleries 82 

45.  Dendroctonus  brevicomis:  Bark  showing  pupal  cells,  exit  burrows,  and 

pitch  tubes 83 

46.  Dendroctonus  brevicomis:  Distribution  map 84 

47.  Dendroctonus  barberi:  Egg  galleries 86 

48.  Dendroctonus  barberi:  Distribution  map 87 

49.  Dendroctonus  convexifrons:  Egg  galleries  and  larval  mines 89 

50.  Dendroctonus  convexifrons:  Distribution  map 90 

51.  Dendroctonus  frontalis:  Egg  galleries  and  larval  mines 91 

52.  Dendroctonus  frontalis:  Termination  of  egg  galleries 92 

53.  Dendroctonus  frontalis:  Beginning  of  egg  galleries 92 

54.  Dendroctonus  frontalis:  Bark  showing  pitch  tubes,  etc 92 

55.  Dendroctonus  frontalis:  Old  egg  galleries  in  living  tree 93 

56.  Dendroctonus  frontalis:  Egg  gallery  in  living  tree,  the  resulting  wound 

in  process  of  healing $3 

57.  Dendroctonus  frontalis:  Distribution  map 94 

58.  Dendroctonus  arizonicus:  Distribution  map 97 

59.  Dendroctonus  mexicanus:  Section  of  egg  galleries 98 

60.  Dendroctonus  mexicanus:  Distribution  map 99 

61.  Dendroctonus  parallelocollis:  Section  of  egg  gallery 100 

62.  Dendroctonus  parallelocollis    Distribution  map "*  101 

63.  Dendroctonus  approximatus:  Single  egg  gallery 102 

64.  Dendroctonus  approximatus:  Egg  galleries 103 

65.  Dendroctonus  approximatus:  Distribution  map 104 

66.  Dendroctonus  monticolx:  Egg  galleries  and  larval  mines  in  bark 107 

67.  Dendroctonus  monticolx:  Egg  galleries  and  larval  mines  grooved  in  pur- 

face  of  wood 108 

68.  Dendroctonus  monticolae:  Distribution  map 109 

69.  Dendroctonus  ponderosse:  Egg  galleries  and  larval  mines 112 

70.  Dendroctonus  ponderosse:  Tree  with  bark  removed,  showing  egg  gal- 

leries grooved  and  marked  on  surface  of  wood 113 

71.  Dendroctonus  ponderosx:  Distribution  map 114 


ILLUSTRATIONS.  XIII 

Page. 

Fig.  72.   Dendroctonus  jeffreyi:  Distribution  map 116 

73.  Dendroctonus  simplex:  Egg  galleries  and  larval  mines 119 

74.  Dendroctonus  simplex:  Distribution  map 120 

75.  Dendroctonus  pseudotsugx:  Egg  galleries  and  larval  mines 122 

76.  Dendroctonus  pseudotsugse:  Egg  gallery  and  larval  mines 123 

77.  Dendroctonus  pseudotsugx:  Section  of  log  with  bark  removed,  showing 

brood  galleries  marked  and  grooved  on  surface  of  wood 124 

78.  Dendroctonus  pseudotsugse:  Distribution  map 125 

79 .  Dendroctonus  piceaperda:  Egg  gallery  and  larval  mines 128 

80.  Dendroctonus  piceaperda:  Distribution  map 129 

81 .  Dendroctonus  engelmanni:  Egg  gallery  and  eggs  in  living  bark 132 

82.  Dendroctonus  engelmanni:  Distribution  map 133 

83.  Dendroctonus  borealis:  Distribution  map 134 

84.  Dendroctonus  obesus:  Distribution  map 137 

85.  Dendroctonus  rujipennis:  Distribution  map 140 

86.  Dendroctonus  murrayanae:  Distribution  map 141 

87.  Dendroctonus  punctatus:  Distribution  map 143 

88.  Dendroctonus  micans:  Egg  galleries  and  larval  chamber 145 

89.  Dendroctonus  micans:  Distribution  map 146 

90.  Dendroctonus  terebrans:  Distribution  map 150 

•  91.  Dendroctonus  valens:  Egg  galleries  and  larval  chamber 152 

92.  Dendroctonus  valens:  Work  in  bark  at  base  of  stump 153 

93.  Dendroctonus  valens:  Basal  wound  in  living  tree  resulting  from  primary 

injury  by  this  species 154 

94.  Dendroctonus  valens:  Distribution  map 155 

95.  Dendroctonus  adjunctus:  Distribution  map 158 


Tech.  Series  17,  Part  I,  Bureau  of  Entomology    U.  S   Ccpt   c< 


a 

o 

• 

a 

00 

o 

> 

•a 
> 

2 

fl 

p 

cc 

B 
O 


.2 

• 

s    • 

u 

5? 

s 

'i~ 

D 

0? 

a. 

as 

CC 

a? 

X 

H 

* 


I 


c 


A4 


b4 


D 

L 


Position  doubtful- 


1.  brevicomit* 

2.  fjarberi  H« 

3.  convex i/ro 

4.  frontalis  7L 

5.  arizonicus' 

6.  mexicanuii 

r 

7.  parallelovc 

F 

8.  approximq 


9.  montieolit  • 

10.  ponder os; c 

11.  jeffreyi  H(| 


12.  simplex  L*; 

t 

■ 

13.  pseudvtsuf; 

m 

m 

14.  jriceaperdti 

■ 

15.  engehnaniq 

16.  borealis  H 

17.  obesus  Maj 


18.  rvfipennU\ 

19.  wmrrayajij 

20.  punctatus  j 

21.  micans  K\\ 


22.  terebrans  ( 

23.  valens  Le< 

24.  adjunctus 


Classification  of  the  Genus  Dend  roc  tonus 

Names  and  Specie 

This  diagram  will  enable  the  reader  to  refer  at  o 
of  any  species  number  mentioned  in  the  text 
and  relations  of  the  divisions,  subdivisions,  s< 
into  which  the  genus  is  divided. 


I 


U.  S.  D.  A.,  B.  E.  Teeh.  Ser.  17,  Pt.  I.  F.  I.  L,  June  30, 1909. 
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SCOLYTID  BEETLES. 


I.  THE  GENUS  DENDROCTONUS. 

By  A.  D.  Hopkins, 
In  Charge  of  Forest  Insect  Investigations. 

DTTBODUCTOBY. 

The  active  work  on  forest  insects  conducted  by  the  West  Virginia 
Agricultural  Experiment  Station  in  1890-91,  and  by  the  Division  and 
Bureau  of  Entomology  of  the  U.  S.  Department  of  Agriculture  since 
1899,  has  resulted  in  the  accumulation  of  a  mass  of  systematic  and 
biological  data  on  the  principal  described  -and  undescribed  insect  ene- 
mies of  forest  trees  and  forest  products  of  the  United  States.  When- 
ever an  attempt  has  been  made,  however,  to  work  up  the  material 
relating  to  a  given  species,  or  group  of  species,  it  has  been  apparent 
that  the  publication  of  anything  without  first  describing  the  new 
species  and  revising  the  data  in  both  the  systematic  and  economic 
literature  would  contribute  to  confusion  rather  than  to  advancement. 
Indeed,  it  becomes  more  and  more  evident  that  in  order  to  give  reliable 
information  on  applied  entomology  we  must  have  at  our  command  the 
Jcnowledge  gained  by  careful  technical,  or  systematic,  studies  of  the  insects 
with  which  we  have  to  deal.  Therefore,  when  we  find,  as  we  do  in  many 
cases,  that  the  published  results  of  systematic  work  on  a  given  genus 
or  species  are  meager  or  otherwise  unsatisfactory,  it  becomes  necessary 
to  revise  and  verify  the  descriptions  and  biological  records,  and  to 
adjust  the  classification  to  meet  the  requirements  of  the  newly  dis- 
covered facts  relating  to  the  described  and  undescribed  species. 

The  genus  Dendroctonus  presents  a  striking  example  of  the  need  of 
systematic  study  as  a  basis  for  economic  investigation.  It  is  both 
the  most  important  group  of  insect  enemies  of  the  coniferous  forest 
trees  of  North  America  and  one  of  the  most  difficult  for  svstematic 
study.  LeConte  (1876)  expressed  the  difficulty  met  with  in  a  study 
of  the  species  when  he  said  in  his  later  revision : 

If  I  have  failed  to  indicate  more  strongly  the  differences  between  these  species,  it 
is  because  they  are  not  distinguishable  by  any  prominent  or  definite  characters;  and 
the  student  who  may  have  difficulty  in  identifying  the  species  as  here  defined  would 
have  almost  equal  difficulty  if  the  specimens  in  my  collection  were  before  him. 
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Until  within  recent  years  little  progress  had  been  made  toward  the 
discovery  and  clear  definition  of  the  specific  and  sexual  characters. 
In  consequence  the  identification  of  the  species  was  both  difficult  and 
uncertain  and  has  led  to  much  confusion  in  both  systematic  and  eco- 
nomic literature.  With  our  pr3sent  knowledge  of  the  genus,  based 
on  an  exhaustive  study  of  the  systematic  and  biologic  details,  most, 
if  not  all,  of  the  difficulties  have  been  removed,  so  that  the  identifi- 
cation of  the  species  is  comparatively  easy. 

It  is  the  purpose  of  this  paper  to  revise  and  bring  up  to  date  the 
available  information  on  the  described  species,  to  describe  those  that 
appear  to  be  new  to  science,  and  to  record  the  results  of  original  inves- 
tigations relating  to  the  more  technical  details  that  can  not  well  be 
included  in  the  paper  which  is  to  follow  as  a  part  of  a  bulletin  in  the 
regular  series  and  which  will  give  full  information  on  the  bionomic 
features. 

The  material  which  has  served  as  a  basis  for  the  study  of  this  genus 
consists  mainly  of  the  notes  and  specimens  taken  by  the  writer  in  the 
field  during  his  connection  with  the  West  Virginia  Agricultural 
Experiment  Station,  between  1890  and  July,  1902,  including  special 
investigations  for  the  Division  of  Entomology,  U.  S.  Department  of 
Agriculture,  in  1899,  1900,  and  1901,  and  those  taken  during  the 
investigations  by  this  Bureau  between  July,  1902,  and  July,  1908. 
In  addition  to  the  large  amount  of  material  thus  accumulated  the 
writer  has  studied  the  type  and  other  specimens  in  the  larger  collec- 
tions of  this  country. 

The  writer  desires  to  acknowledge,  in  this  connection,  the  assist- 
ance rendered  by  the  following  gentlemen  in  providing  facilities  for 
the  study  of  specimens  in  the  collections  of  which  they  have  charge : 
Mr.  Samuel  Henshaw,  in  charge  of  the  Le  Conte  collection  in  the 
Museum  of  Comparative  Zoology,  Cambridge,  Mass.,  and  of  the  Harris 
collection,  Boston  Society  of  Natural  History;  Dr.  Henry  Skinner, 
in  charge  of  the  Horn  collection  of  the  American  Entomological 
Society  and  the  general  collection  of  the  American  Entomological 
Society,  Philadelphia,  Pa.;  Mr.  E.  A.  Schwarz,  honorary  custodian  of 
Coleoptera  in  the  Division  of  Insects,  U.  S.  National  Museum;  Dr. 
W.  G.  Dietz,  who  loaned  type  and  other  specimens  from  his  collec- 
tion, and  Mr.  C.  O.  Waterhouse,  of  the  British  Museum,  who  com- 
pared specimens  with  the  type  of  Dendroctonus  rvfipennis  Kirby. 

It  also  gives  the  writer  pleasure  to  acknowledge  the  efficient  assist- 
ance of  Messrs.  J.  L.  Webb,  H.  E.  Burke,  and  W.  F.  Fiske  in  the  field 
and  office  work,  of  Mr.  E.  J.  Kraus  in  the  more  recent  office  work,  and 
of  Messrs.  J,  F.  Strauss  and  R.  E.  Snodgrass  in  the  preparation  of  the 
illustrations  for  this  part  of  the  bulletin. 
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HISTORICAL. 

The  genus  Dendroctonus  was  described  by  Dr.  W.  F.  Erichson  (1836) 
to  include  (Bostrichus)  micans  Kug.,  (Scolytus)  terebrans  Oliv., 
(Dermestes)  piniperda  L.,  (Hylesinus)  minor  Hartig,  and  (Hylesinus) 
minimus  Fab. 

Eichhoff  (1864)  revised  the  genus  and  referred  D.  piniperda  (L.)  and 
D.  minor  (Hartig)  to  Blastophagus  Eichh.  and  later  (1879)  to  Myelophi- 
lus  Eichh.,  and  D.  minimus  (Fab.)  to  Carphoborus  Eichh.,  leaving  D. 
micans  (Kug.)  as  the  type. 

Lacordaire  (1868)  referred  to  the  synonymy  and  revised  the  descrip- 
tion, including  Dendroctowus  junipiri  Doeb.  [  =  Phloeosinus  junipiri 
(Doeb.)],  D.  valens  Lee,  and  D.  similis  Lee. 

Zimmerman  (1868)  divided  the  genus  into  three  groups,  placing 
D.  Hfurcus  (=  Carphoborus  bifurcus  Eichh.)  in  the  first,  none  in  the 
second,  and  D.  terebrans  (Oliv.)  and  D.  frontalis  Zimm.  in  the  third 
group. 

Le  Conte  (1868)  revised  the  classification  for  the  North  American 
species  to  include  D.  terebrans  (Oliv.) ,Hylurgus  obesus  Mann.,  Hylurgus 
rufipennis  Kirby,  D.  frontalis  Zimm.,  and  two  new  species,  D.  punctatus 
Lee,  and  D.  simplex  Lee.  He  here  referred  D.  valens  Lee.  to  D.  tere- 
brans (Oliv.),  and  D.  similis  Lee.  to  D.  obesus  (Mann.).  He  recognized 
two  divisions,  Division  B  represented  by  D.  frontalis,  and  Division  A 
by  the  other  five  species. 

Chapuis  (1869)  included  D.  micans  (Kug.),  D.  valens  Lee,  D.  tere- 
brans (Oliv.),  D,  obesus  (Mann.),  and  added  one  new  species,  D.  parol- 
lelocoUis  Chap.,  but  did  not  recognize  D.  frontalis  Zimm. 

Le  Conte  (1876)  included  D.  terebrans  Lac.  (  =  01iv.),  D.  similis 
Lee,  D.  rufipennis  (Kirby),  D.  punctatus  Lee,  D.  simplex  Lee,  D.  fron- 
talis Zimm.,  and  one  new  species,  D.  brevicomis  Lee  He  here 
restored  D.  similis  and  omitted  D.  obesus. 

Dietz  (1890)  in  his  "  Notes  on  the  Species  of  Dendroctonus  of 
Boreal  America,',  revised  the  classification,  principally  on  the  char- 
acter of  the  epistoma,  which  he  considered  of  primary  importance 
in  separating  the  species.  He  included  D.  terebrans,  with  varieties 
a,  b,  c,  d,  D.  rufipennis,  D.  similis  Lee,  D.  simplex  Lee,  D.  frontalis, 
added  one  new  species,  U.  approximatus  Dietz,  and  referred  D.  puncti- 
collis  Lee  to  D.  rufipennis  (Kirby)  and  D.  brevicomis  Lee  to  D. 
frontalis  Zimm. 

Blandford  (1897)  mentioned  D.  terebrans  (Oliv.),  D.  parallelocollis 
Chap.,  and  an  undescribed  species  from  Texas — probably  D.  terebrans 
(Oliv.) — and  added  one  new  species,  D.  adjunctus  Blandf. 

The  writer  (Hopkins,  1899a)  referred  to  D.  terebrans,  D.  rufipennis 
(Kirby),  D.  simplex  Lee,  and  D.  frontalis  Zimm.,  with  descriptions  of 
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different  stages,  habits,  etc.,  of  D.  frontalis,  and  larvae  and  habits  of 
D.  terebrans  {—D.  valens).  In  1901  he  described  D.  piceaperda  in 
all  stages  in  connection  with  an  account  of  habits,  seasonal  history, 
etc.,  and  referred  to  the  type  of  D.  rufipennis  (Kirby).  In  1902  he 
described  D.  ponderosx  in  all  stages,  in  connection  with  an  account  of 
habits,  seasonal  history,  etc.  In  1902,  under  u  Some  Notes  on  the  Genus 
Dendroctonus,"  he  referred  to  a  statistical  method  of  determining 
natural  positions  of  the  species,  and  gave  a  list  of  described  species 
and  manuscript  names  of  undescribed  species,  as  follows:  D.  pinidda 
MSS.,  D.  arizonicus  MSvS.,  D.  monticola  MSS.,  D.  ponderosx  Hopk. 
MSS.,  D.  keeni  MSS.,  D.fietcheri  MSS.,  D.  piceaperda  Hopk.,  D.  dietzi 
MSS.,  D.  californicus  MSS.,  D.  shoshone  MSS.,  D.  wickhami  MSS., 
and  D.  borealis  MSS.  He  restored  D.  brevicomis  Lee.  and  D.  punctatus 
Lee.  from  Dietz's  synonymy,  and  recognized  D.  obesus  (Mann).  In 
1905  he  described  I),  pseudotsugse  and  D.  monticola  in  connection 
with  accounts  of  habits,  seasonal  history,  etc. 

ORIGINAL  DESCRIPTION  OF  GENUS. 

Dr.  W.  F.  Erichson  (1836)  described  the  genus  Dendroctonus  as 

follows : 

Dendroctonus. 

[p.  52]  Antennae  funiculo  5-articulato,  capitulo  4-annulato,  suborbiculari,  com- 
presso.     Tibiae  extus  denticulate. 

Palpi  maxiliares  articulo  primo  brevissimo,  Becundo  max i mo,  sequentibus  duobus 

sensim   minoribus.     Labium   fortiter   compressum.     Palpi    labiates   articulo   primo 

longiore,  subclavato,  secundo  tenuiore,  cylindrico,  minute,  tertio  obtuse  subulato. 

Antennte  breves,  scapo  clavato,  funiculi  articulo  primo  breviter  clavato,  secundo 

obconico,  reliquis  brevibus  trausversis;  capituli  segmentum  primum  reliquis  con- 

junctis  aequale,  politum.     [p.  53]  Corpus  oblongum,  cylindricum.     Rostrum  brevis- 

simum.     Presternum  antice  obsolete  impressum.     Coxae  anticae  approximatae.     Tibiae 

compressie,  extus  denticulate.     Tarsi  articulo  tertio  dilato,  bilobo.     Elytra  margine 

autico  elevato. 

[Translation.] 

Antennae  with  5-jointed  funicle;  the  club  suborbiculate,  com- 
pressed, with  four  segments  (annulae).     Tibiae  externally  denticulate. 

Maxillary  palpi  with  the  first  joint  very  short,  the  second  the 
longest,  the  two  following  gradually  smaller.  Labium  strongly  com- 
pressed. The  labial  palpi  with  the  first  joint  rather  long,  subclavate, 
the  second  joint  more  slender,  cylindrical,  small,  the  third  obtusely 
subulate.  Antenna?  short,  scape  clavate,  first  joint  of  funicle  shortly 
clavate,  second  joint  obconical,  the  remaining  joints  short,  trans- 
verse; first  segment  of  club  equal  to  the  others  conjointly,  polished. 

Body  oblong,  cylindrical.  Beak  very  short.  Presternum  ante- 
riorly obsoletely  impressed.  Anterior  coxa?  approximate.  Tibiae 
compressed,  externally  denticulate.  Tarsi  with  the  third  joint 
dilated  and  bilobed.     Elytra  with  the  anterior  margin  elevated. 
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SYNONYMY. 

The  following  species  were  included,  all  but  two  of  which  were 
subsequently  referred  by  Eichhoff  (1864)  to  other  genera: 

Bostrichus  micans  Kugelann  =  Dendroctonus  micans  (Kugelann) . 
(Type  of  genus.) 

Scolytus  terebrans  Olivier = Dendroctonus  terebrans  (Olivier). 

Dermestes  piniperda  Linnaeus  =  Myelophilus  piniperda  (Lin- 
naeus). 

Hylurgus  minor  Hartig=  Myelophilxts  minor  (Ilartig). 

Hylesinus  minimus  Fabricius  =  Carphoborus  minimus  (Fabri- 
cius.) 

BJBVISIONAIi  NOTES. 

The  generic  characters  mentioned  by  Erichson  in  the  original 
description  are  recognized  in  the  type  and  other  species  except  that 
the  maxillary  palpi  are  not  4-jointed.  The  first  or  basal  joint  has  a 
basal  ring  or  outward  curved  basal  margin  for  the  attachment  of  the 
membrane  connecting  the  joint  with  the  palpiger.  This  might  have 
been  mistaken  for  the  "very  short  first  joint"  referred  to,  but  it  is 
evident  that  this  or  any  other  structure  does  not  represent  such  a  basal 
joint.  In  the  type  species  the  first  joint  of  the  club  is  equal  to  the 
others,  but  ranges  from  shorter  to  longer  in  the  other  species. 

Le  Conte's  added  characters  in  his  revision  of  1868  and  1876  are 
generally  correct,  except  that  the  antennal  club  is  not  always  concave 
on  one  (external)  side  or  anterior  face,  the  sutures  are  more  often 
curyed  than  straight,  and  in  some  species  only  two  sutures  are 
visible  on  one  side  of  the  club.  The  prosternum  is  sometimes  flat,  the 
fifth  joint  of  the  tarsus  is  never  longer  than  the  others  united,  and  the 
ventral  segments  are  only  approximately  equal  in  length,  the  last 
one  being  usually  as  long  as  the  two  preceding  combined. 

Dietz  (1890)  called  attention  to  the  unreliability  of  the  sutures  and 
joints  of  the  antennal  club  in  dried  specimens,  and  laid  special  stress 
on  the  value  of  the  epistoma  in  distinguishing  the  species.  It  appears, 
however,  that  while  the  form  of  the  epistoma  is  a  good  generic  and 
subdivisional  character,  it  is  of  little  or  no  value  in  distinguishing  the 
species. 

The  additional  generic  characters  recognized  by  the  writer  will  be 
found  described  under  external  and  internal  anatomy,  and  the  char- 
acters distinguishing  the  major  and  minor  divisions  will  be  found  in  the 
synoptic  tables. 

BEVISED  DESCRIPTION  OF  GENUS. 

ANATOMICAL. 

The  following  discussion  of  anatomical  details  includes  the  im^go, 
larva,  and  pupa,  and  is  based  primarily  on  the  results  of  original 
dissections  and  anatomical  investigations  by  the  author  during  the 
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past  eighteen  years,  and  of  those  conducted  by  assistants  under  his 
immediate  supervision  during  the  past  three  years. 
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Dendroctonus  valens  Lee.  has  served  as  the  principal  subject  for 
dissection,   comparison,   and  illustration,   both   on   account  of  the 
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abundance  of  material  at  hand  and  because  of  the  comparatively 
large  size  of  the  individuals  of  this  species.  Sufficient  comparative 
studies  have  been  made,  however,  of  the  other  species  of  the  genus 
and  of  representatives  of  other  genera  of  the  family  and  suborders  to 
form  a  reliable  basis  for  the  interpretations  and  conclusions  relating 
to  the  more  important  taxonomic  characters  and  the  significance  of 
their  modifications  in  the  distinction  of  species,  genera,  etc. 

Through  the  assistance  of  Mr.  R.  E.  Snodgrass  an  extensive  investi- 
gation has  also  been  made  of  the  thoracic  segments  of  representa- 
tives of  all  of  the  principal  orders  of  insects.  The  results  have 
served  as  additional  data  and  evidence  on  which  to  base  conclusions 
in  this  paper,  and  will  be  utilized  by  Mr.  Snodgrass  as  a  basis  for 
a  more  detailed  discussion  in  a  paper  entitled  "The  Thorax  of  Insects 
and  the  Articulations  of  the  Wings/ '  to  be  published  later.  This 
will  include  a  quite  complete  bibliography  and  references  to  the 
principal  systems  of  nomenclature  proposed  or  adopted  by  the  lead- 
ing authors,  thus  rendering  it  unnecessary  to  include  extensive 
bibliographic  references  in  the  present  paper. 

In  all  of  this  anatomical  work  the  object  of  the  author  has  been  to 
acquire  direct  information  on  the  facts  as  they  exist  in  the  subjects  ex- 
amined; such  information  to  furnish  a  basis  for  the  determination, 
naming,  description,  and  illustration  of  the  anatomical  elements  as 
represented  in  the  scolytid  beetles,  and  at  the  same  time  to  serve 
as  a  guide  to  the  determination  of  further  facts  relating  to  insect 
anatomy  in  general. 

The  literature  on  insect  anatomy  has  been  utilized  as  a  guide  in 
securing  additional  information  on  the  facts  and  principles  involved, 
and  with  the  idea  of  adopting  such  interpretations  and  nomen- 
clature as  appeared  to  conform  more  nearly  to  the  facts  and  con- 
tribute to  uniformity.  No  attempt  is  made  to  discuss  the  merits 
of  opposing  opinions  or  theories,  or  to  prove  or  disprove  them. 

In  this  presentation  of  the  results  of  independent  investigation 
and  discussion  of  the  facts  as  interpreted  by  the  author,  it  is  hoped 
that  something  has  been  accomplished  toward  the  advancement  of 
information  on  the  general  subject  of  insect  anatomy,  and  that  its 
special  reference  to  the  anatomy  of  the  scolytid  beetles  will  make 
the  future  systematic  study  of  this  troublesome  group  less  difficult 
and  more  accurate,  and  thus  lead  to  the  determination  of  bionomic 
and  economic  data  of  immediate  practical  importance. 

NOMENCLATURE. 

There  is  yet  much  confusion  in  the  literature  and  considerable 
difference  of  opinion  among  the  best  authorities  in  regard  to  ana- 
tomical nomenclature  as  applied  to  the  structure  of  insects  in  gen- 
eral and  especially  to  representatives  of  different  orders.     There  is 
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Fig.  2.—Dendroctonus  valens:  Adult,  ventral  aspect,    c,  Steraellar  area.    (Original.) 
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evidently  much  room  for  improvement  in  the  line  of  uniformity  in 
names  and  interpretations.  In  the  present  paper  the  writer  has 
endeavored  to  adhere  to  the  more  generally  accepted  names  proposed 


by  Audouin  and  other  writers  for  the  principal  pints,  and  to  surest 
only  such  revisions  and  new  names  as  the  immediate  requirements  of 
clear  definition  in  comparative  anatomy  and  taxonomy  appear  to 
demand. 
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ILLUSTRATIONS. 

The  figures  are  intended  to  be  sufficiently  complete  to  leave  little 
to  be  added  in  the  way  of  description,  except  to  emphasize  and 
elucidate  some  of  the  more  important  features,  or  to  call  attention 
to  the  variation  within  the  genus  or  species. 

EXTERNAL  CHARACTERS  OF  THE  IMAGO. 

The  structural  details  and  general  external  anatomy  and  sculpture 
are  shown  in  figures  1,  2,  and  3.  The  principal  characters  peculiar 
to  the  genus  are  found  in  the  large,  prominent  head,  the  epistomal 
process  (figs.  2,  3,  4,  6,  10)  (referred  to  by  Dietz  as  the  median  seg- 
ment of  the  epistoma),  the  form  of  the  antenna  (figs.  11,  12,  13), 
the  approximate  or  subcontiguous  anterior  coxae  (fig.  2),  and  the 
strongly  recurved  hypopleural  sutures  4,  5,  and  6  of  the  abdominal 
sternites  (fig.  25). 

Length  and  relative  'proportions. — The  length  of  the  imago  ranges 
from  2.5  mm.  in  D.  frontalis  to  9  mm.  in  D.  valens.  There  is  con- 
siderable range  in  length  within  the  limits  of  some  of  the  species, 
while  in  others  the  length  is  more  constant.  The  relative  propor- 
tions of  the  width  of  the  head,  width  and  length  of  the  prothorax, 
width  and  length  of  the  elytra,  or  a  composite  of  the  ratios,  serve 
as  a  taxonomic  index  for  the  classification  of  the  species,  and,  together 
with  other  characters,  serve  to  distinguish  the  major  and  minor 
divisions  and,  to  a  certain  extent,  the  species.  The  progressive 
modification  appears  to  be  from  a  head  nearly  as  broad  as  the  pro- 
notum  and  the  latter  as  broad  as  the  elytra,  with  the  sides  nearly 
parallel,  to  a  head  much  narrower  than  the  pronotum,  the  latter 
slightly  narrower  than  the  elytra,  with  the  sides  narrowed  and  con- 
stricted toward  the  head;  also,  from  a  slender,  subelongate,  to  a 
stout  body. 

Color. — The  color  ranges  from  pale  yellowish-red  to  brown  and 
deep  black,  but  is  fairly  constant  in  the  matured  individuals  of  a 
species.  The  immature  individuals  are  always  lighter,  and  some  of 
those  of  the  black  species  are  reddish.  In  some  species  the  head, 
prothorax,  and  ventral  surface  of  the  body  are  darker  than  the 
elytra,  while  in  others  little  or  no  difference  is  noticeable. 

Vestiture. — The  body  is  more  or  less  clothed  with  short  to  long 
hairs,  the  presence  or  absence  of  which  on  different  areas  is  of  far 
more  taxonomic  significance  than  was  at  first  recognized.  Except 
in  old  rubbed  specimens,  the  vestiture  serves  as  one  of  the  important 
characters  distinguishing  the  major,  as  well  as  some  of  the  minor,  divis- 
ions.   See  synopsis,  Divisions  I  and  II,  sections  al  and  a2  (PL  I). 

Sculpture. — Within  the  genus  and  also  within  each  species  there 
is  considerable  variation  in  the  sculpture  of  the  front,  pronotum, 
and  elytra.     Nevertheless,  such  characters  as  the  presence  or  absence 
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of  frontal  grooves  and  tubercles  serve  to  distinguish  some  of  the 
minor  divisions  of  the  genus,  while  the  presence  or  absence  of  a 
posterior  median  impression  in  those  species  without  a  frontal  groove 
is  of  considerable  importance  in  distinguishing  some  of  the  minor 
divisions.  The  relative  size,  density,  and  arrangement  of  the  punc- 
tures of  the  pronotum,  while  variable  within  the  species,  is  of  con- 
siderable taxonomic  value.  The  character  of  the  rugosities  of  the 
interspaces  and  the  punctures  of  the  striae  are  also  variable  within 
the  species  and  are  of  secondary  value  in  distinguishing  minor  divi- 
sions. The  sculpture  of  the  elytral  declivity  is  of  special  specific 
and  sexual  importance,  and  in  some  cases  the  characters  are  of  value 
in  distinguishing  minor  divisions. 

THE   HEAD. 

The  general  characters  and  details  of  the  external  skeleton  and 
appendages  of  the  head  are  shown  in  figures  4,  5,  and  6.  It  will  be 
noted  that  the  elements  which  in  some  other  Coleoptera  and  other 
insects  are  more  or  less  clearly  defined  are  quite  completely  fused  and 
obscured  in  this  genus  as  in  other  rhynchophorous  beetles.  The 
labium  and  clypeus  are  obsolete.  The  epistoma,  or  "post-clypeus," 
or  "pre-front,"  as  recognized  by  different  authors,  is  not  separated 
from  the  front  by  a  line  or  suture,  but  is  quite  clearly  defined,  and  the 
epistomal  process  is  far  more  prominent  than  in  other  allied  genera. 
The  front  is  completely  fused  with  the  epicranium,  which  in  turn  is 
fused  with  the  genae,  the  latter  joined  beneath  with  a  single  gular 
suture.  Anterior  to  the  gular  suture  there  are  three  quite  clearly 
defined  sclerites,  which  may  be  designated  as  pregula,  pregena,  and 
hypostoma  (fig.  5,  E).  By  comparing  the  head  of  Dendroctonus 
with  that  of  a  carabid  beetle,  Pterostichus  (fig.  7),  and  a  typical  curcu- 
lionid  beetle,  Pissodes  strobi  (figs.  8, 9),  the  striking  difference  in  struc- 
ture and  relative  position  of  the  corresponding  elements  and  their 
extreme  modification  are  at  once  apparent. 

Labrum. — The  labrum  is  not  present  as  a  distinct  element,  but  may 
be  represented  by  a  part  of  the  anterior  margin  of  the  epipharynx 
beneath  the  anterior  median  section  of  the  epistoma  (fig.  6,-4). 

Clypeus. — The  clypeus  is  not  represented  unless  it  is  by  the  pro- 
duced anterior  margin  of  the  epistoma,  and  by  the  long  epistomal 
bristles. 

Epistoma  (figs.  2,  3,  4,  5,  6,  7,  10,  40,  B,  D,  E.) — The  epistoma  is 
apparently  represented  in  both  the  larvae  and  adults  of  all  true  man- 
dibulate  insects,  but  is  more  distinctly  defined  in  some  than  in  others. 
In  some  insects  it  is  separated  from  the  clypeus  by  a  suture,  line,  or 
articulating  membrane,  while  in  others  there  is  no  evidence  of  sepa- 
ration or  the  clypeus  is  not  represented.  Its  separation  from  the 
front  is  often  defined  by  a  line,  impression,  elevation,  or  otherwise, 
although  sometimes  it  is  so  completely  fused  that  the  line  of  junction 
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is  entirely  obscured,  as  in  PteroaticJms.  It  serves  the  important 
function  of  a  rigid  bridge  over  the  oral  foramen  and  support  for  the 
clypeus,  labium,  and  epipharynx,  and  at  its  lateral  angles  provides 
the  necessary  rigid  support  for  the  dorsal  articulation  of  the  man- 
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Fig.  4.—  Dendroctonus  mlrns:  Head,  dorsal  and  lateral  aspects.  A ,  Dorsal  aspect  of  head;  B,  lateral  aspect 
of  head;  C,  dorsal  aspect  of  right  mandible;  D,  ventral  aspect  of  right  mandible;  a,  dorsal  area;  b,  dorsal 
impression:  c,  anterior  condyle;  d,  median  fossa;  e,  median  condyle;/,  posterior  fossa;  g,  basal  ridge;  A, 
apical  tooth;  i,  acute  margin;  ./,subapical  tooth;  k,  median  tooth;  I,  molar;  m,  anterior  condyle;  n,  me- 
dian fossa;  o,  posterior  condyle;  p,  lateral  area;  r,  dorsal  bristles  of  mandible;  8,  lateral  bristles  of  man- 
dible; t ,  epistomal  bristles;  u,  lateral  angle  of  epistoma.    (Original.) 

dibles.  In  fact  the  latter  function  serves  to  distinguish  it  from  other 
parts.  The  median  area  Is  variously  and  sometimes  greatly  modified 
in  insects  of  the  same  order  or  family,  and  it  appears  that  in  Coleop- 
tera  generally  this  element  is  of  much  greater  taxonomic  value  than 
has  been  usually  recognized  heretofore. 
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Epistomal  process. — In  Dendroctorma  the  epistomal  process  serves 
to  clearly  distinguish  the  genus  from  other  genera  of  the  suborder  to 
which  it  belongs.     This  process  is  usually  composed  of  a  median  and 


Fia.  5.— DntdroOomu  calrm;  Head,  vinlrej  aspect,  and  mouthparts.  A,  Labium;  B,  maxilla, Interno- 
lateisl  upect;  C,  same,  eslernu-lalcra]  aspect,;  D,  hyposlonial  region,  dorsal  aspect;  K,  head,  ventral 
aspect;  a,  basal  fossa  of  men  [urn;  b,  j Minis;  c,  lnu-al  i^'nihrane;  i.  imlpicnal  area;  c.sllpal  an-a;/.sul>- 

median  fossa;  o,  posterior  condy In:  p,  hypopharynKcal  Lracun;  j.sutimi  nlal  process;  r,  maiillary  oon- 
djle;  »,  pilar  apodeme;  u,  oral  foramen;  e,  occipital  apodemt;  w,  pos Igular  piece.    (Original.) 

two  lateral  sections  and  is  fringed  anteriorly  with  thickly  set,  long 
bristles  which  completely  cover  the  anterior  median  epistomal  area. 
Hypostoma  (fig.  5). — This,  as  here  interpreted,  is  a  ventral  piece 
or  area  which  corresponds  in  general  function  to  the  epistoma  in 
forming  a  rigid  ventral  rim  of  the  oral  foramen  for  the  support  of  the 
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articulator^  accessories  of  the  labium  and  maxillae,  and  at  the  lateral 
angles  supports  the  ventral  articulations  for  the  mandibles.  It 
seems  to  the  writer  that  this  part  or  area,  whenever  sufficiently  dis- 
tinct to  be  recognized,  should  be  designated  as  the  hypostoma,  not 


,EpiMcma 


Dorml  ortictdatitm 


Gular  auturt' 


Fig.  Q.—Dendroctonus  valens:  Head,  oral  aspect,  epistoma,  etc.  A,  Ventral  aspect  of  epistomal  region; 
B,  dorsal  aspect  of  epistomal  region;  C,  oral  aspect  of  head;  a,  median  impression  and  longitudinal  ele- 
vations; b,  median  condyle;  c,  lateral  fossa;  d,  posterior  fossa;  dd,  projection  over  median  condyle;  €, 
base  of  epistomal  bristles;  /,  median  section  of  epistomal  process;  ff,  lateral  angles  of  epistoma;  gt  ante- 
rior fossa;  h,  anterior  condyle  of  ventral  articulation;  i.  posterior  condyle  of  ventral  articulation;,;,  median 
fossa  of  ventral  articulation;  fe,  hypopharyngeal  bracon;  /,  maxillary  condyle;  m,  submental  processes; 
n,  ventral  view  of  hypopharynx;  o,  oral  foramen;  p,  dorsal  articulation  of  mandible;  q,  ventral  articu- 
lation of  mandible;  r,  apex  of  hypopharynx.    (Original.) 

on  account  of  any  theory  of  origin  from  a  primitive  segment,  but 

because  its  location  and  function  are  similar  to  those  of  the  epistoma. 

Front  (figs.  3,  4). — The  front  is  not  defined  by  sutures  or  lines,  but 

is  fused  anteriorly  with  the  epistoma  and  laterally  and  posteriorly  with 
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the  e  pi  cranium.  It  is  represented  by  a  frontal  area,  however,  which 
not  only  in  this  genus  but  in  other  scolytids  presents  characters  of 
special  value  in  distinguishing  major  and  minor  divisions,  species, 
sexes,  etc.  The  significance  of  frontal  characters  in  this  genus  is 
defined  in  the  synopses  of  adult  and  secondary  sexual  characters 
and  shown  in  the  figures. 

Antennse  (figs.   1-6,  11-13). — The  characters  of  the  antenna  are 
clearly  shown  in  the  figures.     The  scape,  funiculus,  and  club  are 


Via.  7.  -Pirrattichwi  wji/orntcuf;  Read,  dorsal  and  ventral  aspects,  and  mailllss.  A,  Ventral  aspect;  B, 
dorsal  aspect;  C,  dorsal  aspect  of  left  maxilla;  D,  lateral  aspect  oiled  maxilla;  E.  ventral  aspect  otlett 
msullla;  a,  stlpal  lonunen;  6,  muscle  processes;  c,  laclnial  digitus;  d,  rardo  losso;  r,  basal  membrane: 
/,  palplfera]  bristle;  ( ,  stlpal  bristle;  h.  median  fossa  of  ventral  articulation  ol  mandible;  I,  labral  bristles, 
J, clypeal bristles,   (Original.) 

nearly  equal  in  length.  The  scapo  toward  the  apex  is  clavate — cy- 
lindrical to  angular.  The  funiculus  is  5-jointed  and  always  slightly 
longer  than  the  club.  The  first  joint  (or  pedicel  of  some  authors)  is 
of  the  usual  form  and  as  long  or  longer,  rarely  shorter,  than  the 
second.  The  second  joint  is  as  long  as  tlie  third,  fourth,  and  fifth 
together,  or  slightly  shorter  in  some  species,  and  the  second  to  fifth 
increase  in  width  toward  the  club,  which  is  broad,  thickened  toward 
the  base  and  compressed  toward  the  apex,  and  has  three  or  four 
distinct  segments,   with  two  or  three  slightly  to  strongly  curved 
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sutures.     The  relative  concavity  or  convexity  of  the  anterior  face, 
as  well  as  the  relative  lengths  of  the  segments  on  the  opposite  fame, 


c.  lateral  arm  o(  liyposlc 


contour  of  the  suture,  etc.,  are  shown  in  figures  11  to  13,  but  often 
appear  different  in  dried  specimens.     The  articulatory  attachment 
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of  the  scape  is  in  a  rather  deep  scrobe  (figs.  4,  5),  situated  in  front  of 
the  eye  near  the  base  of  the  mandible  and  lateral  angle  of  the  epistoma. 


Fig.  9.  —PiBsodea  atrobi:  Head,  dorsal  aspect,  and  mandibles.  A ,  Dorsal  aspect  of  left  mandible;  B,  ventral 
aspect  of  left  mandible;  C.  dorsal  aspect  of  head;  a,  apical  tooth;  b,  subapical  tooth;  c,  median  tooth; 
d,  molar;  e,  median  condyle;/,  lateral  muscle  process;  g,  lateral  condyle;  A,  lateral  fossa;  i,  extensor  tendon; 
j,  pharyngeal  bracon;  Jfc,  retractor  tendon;  /,  ventral  area;  m,  dorsal  area;  n,  median  condyle;  o,  anterior 
fossa;  p,  anterior  section  of  beak;  q,  posterior  section  of  beak;  *,  dorsal  area;  t,  anterior  condyle;  u,  lateral 
fossa.    (Original.) 

Epicranium. — The  epicranium  is  not  defined  from  the  front  or  gena 
by  sutures  or  lines,  but  the  area  is  quite  clearly  indicated  by  the 
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smoother  surface  and  by  the  presence  of  the  compound  eye,  which  is 
situated  on  the  side  of  the  head  near  the  base  of  the  antennae.  The 
anterior  end  of  the  epicranial  suture  defines  the  anterior  dorsal  limit 
of  the  epicranium,  designated  as  the  vertex,  while  the  gena  is  repre- 
sented by  the  ventral  area  between  the  eyes  and  the  gular  suture. 
The  epicranial  suture  is  more  distinct  in  some  species  than  in  others. 

Eyes. — The  eyes  vary  from  slightly  oblong  oval  to  oblong  ovate 
and  are  obliquely  placed  in  the  anterior  angle  of  the  epicranial  area, 
just  posterior  to  the  base  of  the  antennae.  The  variation  in  form 
within  the  genus  and  within  the  same  species  is  shown  in  figures  1  to 
6  and  15.  There  are  about  four  hundred  facets,  which  are  small  and 
densely  placed. 

Occiput  (figs.  4,  5). — The  occiput  is  not  clearly  defined,  as  it  is  in 
Pterostichu8,  but  the  posterior  area  of  the  cranium  to  the  occipital 
foramen  may  be  designated  as  the  occipital  region  or  area. 

Occipital  foramen  (fig.  5). — The  posterior  opening  in  the  head,  or 
occipital  foramen,  is  small  as  compared  with  the  oral  foramen.  The 
invaginated  wall  forms  a  part  and  posterior  support  to  the  tentorium, 
and  the  dorsal  apodeme  is  continuous  with  the  epicranial  suture. 

Gula. — The  gula  is  not  represented  by  a  space  defined  by  two 
longitudinal  sutures,  as  in  most  Coleoptera  other  than  the  Rhyn- 
chophora.  The  gular  apodemes  are  present  (fig.  5,  D),  but  the  gular 
space  is  invaginated,  so  that  there  is  but  a  single  gular  suture. 

Pregvla. — In  Dendroctonus  there  is  a  small  sclerite  immediately 
anterior  to  the  gular  suture  (figs.  5,  6)  which  is  distinctly  separated 
from  the  gula  and  genee  by  an  invaginated  apodeme,  laterally  from 
the  pregena  by  an  evident  external  line,  and  anteriorly  from  the 
hypostoma  by  a  ridge  which  defines  the  anterior  margin.  In  the 
rostrate  beetles  this  is  extended  with  the  pregena  and  forms  a  more 
or  less  distinct  gular  space  of  the  rostrum  to  a  similar  anterior  space 
which  supports  the  so-called  gular  peduncle,  or  submentum.  There- 
fore it  appears  that  the  term  pregula  should  serve  to  distinguish  this 
important  element,  which  is  also  more  or  less  distinctly  represented 
in  Coleoptera  other  than  the  Rhynchophora.     (Compare  figs.  6,  7,8.) 

Gena. — The  gena  is  not  defined  by  lines,  but  it  is  represented  by 
the  ventral  area  between  the  gular  suture  and  the  epicranial  area, 
as  described  under  epicranium  and  gular  suture. 

Pregena  (figs.  5,  6). — The  pregena  is  a  distinct  pleural  area  situ- 
ated between  the  base  of  the  antennae  and  the  pregula,  bounded 
posteriorly  by  the  genal  area  and  anterior  angle  of  the  epicranium, 
and  anteriorly  by  the  hypostoma. 

Submentum  (figs.  5,  6). — The  submentum  is  represented  by  a 
bifid  process  or  median  extension  of  the  hypostoma,  and  is  sup- 
ported by  two  stout  braces  rising  from  the  large  transverse  rostral 
apodeme  beneath  the  posterior  angle  of  the  pregula. 
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Labium  proper  (figs.  2,  5,  A), — In  Dendroctonus  and  other  rhyn- 
chophorous  beetles,  the  mentum,  palpifer,  glossse,  and  paraglossa, 
while  more  or  less  clearly  indicated,  are  not  represented  as  separate 
elements  of  the  labium.  Mentum:  The  mentum  articulates  with 
the  bifid  submentum  and  completely  surrounds  the  basal  portion  of 
the  labrum,  being  subcylindrical,  with  the  anterior  ventral  area 
strongly  retuse.  Palpifer:  The  palpifer  is  represented  by  the  area 
between  the  ventral  impression  of  the  mentum  and  the  row  of 
palpiferal  bristles  which  define  the  anterior  limit  of  the  mentum. 
Palpi:  The  labial  palpi  are  distinct,  3-jointed,  and  as  long  as  the 
mentum,  or  longer,  with  the  first  joint  longer  than  the  other  two,  or 
rarely  equal.  Ligula:  The  ligula 
is  situated  between  the  palpi,  is 
thickly  set  with  long  lacinial  teeth, 
and  occupies  the  greater  part  of 
the  dorsal  area.  It  is  evident 
that  this  ligular  area  represents 
the  glossae  and  paraglossa  of  other 
insects,  and  that  it  is  homolo- 
gous with  the  galea  and  lacinia 
of  the  first  maxilla. 

MaxiOse  (figs.  2,  5,  B,  (7).— The 
maxillae  (fig.  5,  B)  have  the  char- 
acteristic form  of  those  of  all  other 
rhynchophorous  beetles  and  are 
strikingly  different  from  those  of 
other  Coleoptera.  The  form  and 
relative  proportions  are  shown  in 
the  figures.  Cardo:  The  cardo  is 
the  stout  basal  section  which 
articulates  with  a  condyle  on 
the  maxillary  process  of  the  hy- 
postomal  apodeme.  Stipes:  The 
stipes  articulates  with  the  cardo  and,  while  it  does  not  appear  as  a 
separate  piece,  it  is  represented  by  the  posterior  ventro-lateral  and 
externo-lateral  part  of  the  median  section  of  the  maxilla.  Palpifer, 
galea,  subgalea,  and  lacinia:  The  palpifer  is  fused  with  the  stipes 
and  is  represented  by  the  anterior  part  of  the  median  section  (fig.  5). 
The  palpifer  and  stipes  are  also  fused  with  the  subgalea  on  the 
exto-lateral  area,  but  on  the  interno-lateral  area  the  line  separating 
the  palpifer  from  the  subgalea  is  distinct,  as  is  also  the  suture  be- 
tween the  latter  and  the  lacinia  and  galea,  which  are  fused,  the  latter 
being  represented  by  a  narrow  chitinous  margin  next  to  the  palpus 
and  palpifer.  The  lacinia  is  armed  on  the  inner  edge  with  stout 
lacinial  teeth.     The  length  of  the  base  of  the  subgalea  from  the  apex 

79980—09 3 


F=2^^r^ 


Fig.  10.— Dendroctonus:  Epistom&t&.  a  to  L  D.  vaU 
ens;  m  to  o,  D.  simplex;  p  to  s,  D.  pseudotsugx* 
(Original.) 
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to  the  posterior  angle  is  usually  greater  than  the  length  of  the  palpifer 
and  stipes,  but  is  sometimes  equal  and  rarely  shorter.     The  ventral 


Fig.  11.— Dtndroctonus:  Antennae.  /,  brevicomis;  S,  convexifroiu  9/  *°»  convexifrotu  <f ;  4.  frontalis  <f ;  5, 

arizonicus  J;  5a,  arizonicus  9 ;  6,  mexicanzis;  7,  paraUelocollis;  8,  approximate  9*    (Original.) 
1—a,  posterior  face  of  club  when  antenna  is  extended  at  right  angles  to  head,  joints  1,  2, 3;  b,  anterior  face, 

joints  1,  2, 3,  4;  d,  funiculus,  joints  1, 2, 3, 4, 6;  c,  scape. 

chitinous  area  of  the  palpifer  and  stipes  together  is  always  a  third 
or  more  longer  than  the  combined  chitinous*  parts  of  the  joints  of 


Fig,  12.— Dendroctonus:  Antenn*.    9,  monticolx;  10,  ponderosst;  12,  simplex;  IS,  pscudoUugx  9 ;  H,pictar 

perdu  9 ;  IS,  engtlmanni;  17,  obesus  f;  17a,  obesus  9-    (Original.) 

the  palpi.  Palpi:  The  palpi  are  3-jointed,  the  joints  connected 
with  each  other  and  with  the  palpifer  by  flexible  membrane  which 
allows  for  a  certain  amount  of  telescoping,  but  not  adapted  for  free 


THE  GENUS  DENDROCTONUS. 


21 


lateral  movements  as  in  Pterostichus  (fig.  7).  The  relative  lengths 
of  the  joints  vary  considerably  in  the  species  of  the  genus,  and  more 
or  less  in  the  individuals  of  a  species.  The  first  joint  is  usually 
longer  than  the  other  two  together,  but  is  sometimes  equal  or  shorter; 
the  second  joint  is  usually  longer  than  the  third,  but  is  sometimes 
shorter. 

Mandibles  (figs.  4,  14). — The  mandibles  are  prominent,  stout, 
triangular,  and  especially  adapted  for  burrowing  in  the  bark.  The 
inner  edges  are  acute,  with  a  subapical  and  a  median  tooth  toward 
the  middle  and  a  molar  on  the  basal  angle.  The  lateral  area  toward 
the  base  has  a  large  impression  and  there  is  usually  a  less  evident 
one  on  the  dorsal  area,  each  bearing  one  or  two  bristles.     The  dorsal 


Fig.  13—Dcndroctonus:  Antennae.    18,  rufipennis;  to,  punctatus;  it,  micaru;  tt,  terebrans;  tS,  valcns  S\ 

tSa,  vaUns  9;  W6,  vaUiu  J;  tSc.  valens  9.    (Original.) 

articulation  with  the  epistoma  is  especially  adapted  to  meet  its 
several  requirements.  The  peculiar  trochlear  mechanism  of  the 
articulating  condyles  and  fossa  are  illustrated  in  figure  14;  that  of 
the  dorsal  condyle  appears  to  be  common  to  other  rhynchophorous 
beetles,  but  apparently  not  represented  in  other  Coleoptera,  including 
those  with  similar  bark  and  wood  boring  habits.  The  ventral 
articulation  also  appears  to  be  different  from  that  in  other  Coleop- 
tera, but  to  a  less  degree.  A  detailed  comparative  study  of  the 
mandibles  may  reveal  specific  characters,  but  as  a  rule  such  charac- 
ters are  unsatisfactory  from  the  fact  that  in  comparisons  the  man- 
dible must  be  viewed  from  exactly  the  same  position  to  avoid  error 
in  conclusions. 
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THE   THORAX. 

The  thorax,  as  usual,  consists  of  three  distinct  segments.  The 
pro  thorax  freely  articulates  with  the  meso  thorax,  but  the  pleurites 
and  sternites  of  the  mesothorax  and  metathorax  are  rigidly  con- 
nected. The  combined  length  of  the  ventral  areas  of  the  three 
thoracic  segments  is  slightly  greater  than  that  of  the  ventral  area  of 
the  abdominal  segments,  while  the  combined  length  of  the  dorsal 


Fig.  14.— Dendroctonus  vakns:  Mandible,  a,  Apical  tooth;  6,  subapical  tooth;  c,  median  tooth;  4 
molar  tooth;  c,  dorsal  area:  /,  dorsal  bristles  or  seta?;  g,  dorsal  impression;  ht  transverse  ridg*>:  *\  P** 
ryugeal  process;  j,  retractor  tendon;  Jk,  lateral  area;  /,  lateral  bristle;  m,  lateral  impression;  n,  anterior 
condyle;  o,  basal  ridge;  p,  median  fossa;  q,  median  condyle;  r,  posterior  fossa;  *,  condyle  of  ventral 
articulation;  /,  basal  foramen;  u,  retractor  disk;  v,  extensor  disk;  w,  extensor  tendon.    (Original) 

areas  of  the  thoracic  segments  is  about  equal  to  that  of  the  area  of 
the  abdominal  segments,  or  slightly  longer.  The  pronotum  is  as 
long  as  both  the  mesotergum  and  the  metatergum  together.  Tb? 
prosterna  and  mesosterna  are  about  equal  in  length,  and  both 
together  about  equal  to  the  metasterna,  while  the  combined  length 
of  the  thoracic  pleura  is  slightly  greater  than  that  of  the  abdominal 
pleura.  The  anterior  dorsal  margin  of  the  pronotum  and  the  pos* 
terior  margin  of  the  metatergum  are  greatly  extended  anteriorly 
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beyond  the  ventral  margin  of  the  same  segments,  while  the  posterior 
dorsal  margin  of  the  pronotum  and  the  anterior  dorsal  margin  of  the 
mesonotum  are  not  produced  beyond 
the  corresponding  sternal  margin. 


DivisibNs  op  the  Thoracic  Segment. 

The  divisions  and  other  characters 
peculiar  to  the  thoracic  segments  of  a 
scolytid  beetle  are  shown  in  figures  16, 
17,  18,  19,  and  20. 

It  will  be  noted  that  while  the  usual 
divisions  or  sclerites  are  quite  clearly  de- 
fined in  the  metathorax,  corresponding 
divisions  are  less  distinct  in  the  mesotho- 
rax,  and  are  obsolete  or  completely  fused 
in  the  prothorax.  The  taxonomic  signifi- 
cance of  this  wide  range  in  the  modifica- 
tion of  similar  parts  or  areas  in  the  three 
thoracic  segments  of  the  same  insect  is 
realized  when  we  compare  these  parts 
with   corresponding  segments  in  repre- 


o 


-o 


Fio.  15.-  Dendroctonus:  Eyes.  l,brevi- 
eomis;  8,  barberi;  6,  arizonicus;  8,  ap- 
proximatus;  10,  !0a,  ponderosx;  It, 
simplex;  lS,pseudotsugz;  14,  piceaptrda; 
15,  15a,  engelmanni;  20,  puncUUus;  22, 
22a,  b,  c,  terebrans;  23,  23a,  b,  c,  d,  e,f, 
g,h,i,j,k,l,valens.    (Original.) 


sentative  species  of  other  families,  sub- 
orders, and  orders  of  insects.     It  will  be  seen  that  each  segment  has 
characters  peculiar  to  the  order  or  minor  group  to  which  the  species 

belongs,  and  that  in  like 
manner  the  combined 
characters  of  any  two 
or  all  three  in  the  same 
insect  present  many  fea- 
tures peculiar  to  the  groups, 
the  suborder,  family ,  genus, 
or  species  represented. 

It  is  also  significant  of 
the  influence  of  a  domi- 
nant principle  or  plan  of 
structure  and  order  of  mod- 
ification that  one  or  more 
thoracic  segments  of  prac- 
tically any  insect  examined 
will  show  certain  divisions 
more  or  less  clearly  defined, 
which  are  common  to  all 
other  insects,  and  that 
when  we  compare  the  segments  of  different  stages  of  insects  of  all 
orders,  we  find  that  a  composite  segment  would  represent  a  system 
of  four  longitudinal  and  four  transverse  divisions.     The  longitudinal 


Fig.  16.— Dendroctonu*  valens:  Areas  of  pronotum.  A,  an- 
terior area;  B,  median  area;  C,  posterior  area;  D,  lateral 
area;  E,  dorsal  area;  a,  anterior  angle;  aa,  anterior  margin; 
b,  posterior  angle;  d,  basal  margin;  e,  posterior  declivity; 
/,  anterior  section  of  lateral  area;  g,  anterior  section  of  dorsal 
area;  h,  median  section  of  lateral  area;  i,  median  section  of 
dorsal  area;  j,  posterior  section  of  lateral  area;  k,  posterior 
section  of  dorsal  area;  I,  posterior  margin  or  vertex. 
(Original.) 
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Pretpiaternal  area 
Prtrtcrnal  aira 


Sternal  area 
Episternal  area 
Intercoxalor 
"  sternellar  area 
"Exocaxal  area 

Epimeral  arm 


*Po*t8temellar  area 

Fig.  17.— Dendroctontu  valens:  Areas  of  prothorax,  ventral 
aspect,  a,  Anterior  margin ;  b,  posterior  margin;  e,  an- 
terior angle;  d ,  posterior  angle;  e,  anterior  entothoracic 
fold  for  attachment  of  intersegmental  membrane;  /,  an- 
terior foramen;  g,  posterior  foramen;  h,  coxal  cavity. 
(Original.) 


divisions  are  one  dorsal,  two  lateral,  and  one  ventral;  the  transverse 
divisions  are  one  anterior,  two  median,  and  one  posterior. 

Audouin   (1824)   recognized   the  four  longitudinal  divisions  and 
named  them  sternum,  pleurae,  and  tergum.     He  also  recognized  two 
divisions  of  the  pleura  and  named  them  episternum  and  epimerum, 
and  four  transverse  divisions  of  the  tergum,  which  he  named  pres- 

cutum,  scutum,  scutellum, 
>v    _!,„;......,_/_      and  postscutellum.     These 

names  have  been  adopted 
with  but  slight  modifica- 
tion by  most  of  the  leading 
writers  on  insect  anatomy, 
including  McLeay,  1830; 
Newport,  1 839 ;  Kolbe, 
1889;  Amans,  1885;  Corn- 
stock,  1902;  and  Voss, 
1905.  The  same  divisions 
have  been  recognized  by 
njany  other  authors,  who 
have  designated  them  by 
different  names. 

The  first,  second,  third,  and  fourth  transverse  divisions  of  the 
ventral  or  sternal  area  were  recognized  by  McLeay  in  1830,  and 
named,  in  order,  presternum,  sternum,  sternellum,  and  poststernellum. 
All  of  the  divisions  and  subdivisions  mentioned  as  having  been 
recognized  by  Audouin  and  McLeay  are  here  recognized  by  the  writer, 
and,  in  addition,  the  first  and  fourth  transverse  divisions  of  the  pleura; 
thus  four  longitudinal  and  four 

transverse   divisions    of    each-  ^\     Presternum 

segment  in  the  adult  insect 
have  been  recognized.  The 
writer  has  also  recognized  the 
same  or  a  similar  system  of 
division  in  the  thoracic  and 
abdominal  segments  of  larvae 
and  pupae.  While  the  taxo- 
nomic  significance  of  the  char- 
acter and  modification  of  these 
primary  and  secondary  divisions  as  represented  in  one  or  more  thoracic 
segments  of  the  same  insect,  or  in  one  or  more  segments  in  insects  of 
different  orders  and  minor  groups,  has  been  recognized,  there  has  been 
wide  difference  of  opinion  as  to  the  origin  or  homology  of  these  divisions 
and  in  their  interpretation  or  definition.  This  has  naturally  resulted 
in  much  confusion  in  the  adoption  and  application  of  the  nomencla- 
ture proposed  by  different  authors,  and,  more  than  anything  else 
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ptmerum 


Sternellar  area'' 
Poststemeltar  piece' 

Fio.  18.— Dendroctonut  valens:  Meso  thorax,  ventral 
aspect,  a,  Preepisternal  process;  b,  transverse  Im- 
pression; c,  coxal  cavity.    (Original) 
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connected  with  the  anatomical  problem,  it  was  this  state  of  confusion 
which  led  the  writer  to  make  a  study  of  the  subject  in  order  to  deter- 
mine the  facts  and  principles  involved  and  to  establish  a  basis  for 
his  future  systematic  and  economic  work  on  the  scolytid  and  other 
beetles. 

There  appear  to  be  two  opposing  ideas  regarding  the  origin  and 
evolution  of  the  primary  and  secondary  elements  of  the  insect  seg- 
ment. One  involves  the  principle  of  reduction  of  several  primitive 
segments  into  one,  on  the  theory  that  the  transverse  divisions  rep- 
resent modifications  of  several  primitive  segments.  The  other  involves 
the  principle  of  complex  modification  from  a  simple  undivided  primi- 
tive segment  into  many  primary  and  secondary  divisions,  on  the 
theory  that  this  has  been  brought  about  more  or  less  independently 
through  the  influence  of  the  requirements  of  function  to  meet  the 
demands  of  peculiar  life  activity  in  different  forms  or  species,  and 
that  this  plan  of  modification  has  been  controlled  and  limited  by 
the  fundamental  plan  of  structure  in  the  hexapodal  type  of  organism, 
and  by  the  principle  of  relative  proportions  and  correlation  of  parts 
so  as  to  conform  to  the  general  modification  of  the  entire  body  in 
the  evolution  of  the  species. 

The  writer  does  not  deem  it  advisable,  in  this  connection,  to  dis- 
cuss the  relative  merits  of  these  theories  or  any  of  the  other  theories 
advanced  by  different  authors.  He  is  inclined  to  believe  that  while 
it  is  important  to  utilize  any  good  evidence  relating  to  the  probable 
origin  and  homology  of  parts,  it  is  more  important  for  present  needs 
to  deal  with  the  facts  as  they  are  found  in  existing  forms  and  stages 
and  to  so  name  and  define  the  major  and  minor  divisions  or  elements 
of  the  segment  that  they  may  be  readily  recognized  and  utilized  in 
any  comparative  study  of  their  modification  and  in  the  description 
and  identification  of  species,  genera,  and  larger  groups.  Therefore 
the  writer's  interpretation  of  the  recognizable  elements  in  the  thoracic 
segments  of  Dendroctonus  does  not  involve  any  theory  of  origin  or 
evolution,  but  is  based  on  the  recognition  of  a  dominant  tendency 
in  the  insect  segment  to  represent  a  system  of  four  longitudinal  and 
four  transverse  divisions,  any  one  or  all  of  which  may  or  may  not  be 
clearly  represented  in  one  or  more  segments  of  the  same  insect. 

With  this  conception  of  a  prevailing  principle  as  a  guide  to  the 
location  of  the  possible  primary  and  secondary  divisions  of  the  ana- 
tomical elements  as  they  are  indicated  in  any  given  segment,  and  to 
the  recognition  of  the  possible  range  of  modification  and  distinction 
as  manifested  in  the  different  segments  of  the  same  insect  or  in  the 
corresponding  segment  of  different  insects,  many  of  the  difficulties 
and  confusing  factors  relating  to  the  proper  definition  of  parts  and 
application  of  names  are  eliminated. 
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In  the  following  discussion  of  the  thoracic  segments  reference  is 
made  to  the  named  parts  as  represented  or  not  represented,  as  the  case 
may  be,  rather  than  to  say  that  they  are  present  or  not  present, 
because  in  some  cases  where  they  are  not  defined  on  the  external 
surface  they  may  be  indicated  by  apodemes  or  lines  on  the  inner 
surface  of  the  body  wall,  while  in  other  cases  their  position  or  rela- 
tive areas  are  indicated  only  by  some  character  of  surface  sculpture 
or  vestiture. 

In  the  adult  Dendroctonus  there  is  a  wide  range  of  difference  in  the 
representation  of  parts  in  the  prothorax,  mesothorax,  and  meta- 
thorax.  In  the  pupa  there  is  a  similar  but  not  so  marked  difference 
between  the  three  thoracic  segments,  the  divisions  being  less  evident 
in  the  mesothorax  and  metathorax  than  in  the  adult,  but  in  the 
abdominal  tergites  the  divisions  are  quite  plainly  indicated.  In  the 
larvae  there  is  not  only  less  difference  in  the  three  thoracic  segments, 
but  these  are  only  slightly  different  from  the  first  to  seventh  abdomi- 
nal segments.  In  the  thoracic  segments  the  prescutal  and  scutel- 
lar  divisions  are  clearly  represented,  with  evidence  of  the  scutal  divi- 
sion on  the  sides.  The  sternal  and  sternellar  divisions  are  also 
clearly  represented,  with  evidences  of  the  presternal  and  poststernellar 
divisions  in  the  prosternum,  and  the  latter  clearly  defined  in  the 
mesosternum  and  metasternum.  The  pleurites  are  also  represented 
by  pleural  lobes.  In  the  abdominal  tergites  1  to  6  the  prescutal, 
scutal,  and  scutellar  divisions  are  clearly  represented  and  the  sternal, 
sternellar,  and  poststernellar  divisions  are  in  like  manner  repre- 
sented in  abdominal  sternites  1  to  8,  inclusive.  Whether  or  not  these 
divisions  or  lobes  are  homologous  with  divisions  occupying  rela- 
tively the  same  positions  in  the  pupa  and  adult  may  be  a  subject  for 
difference  of  opinion,  but  the  names  here  applied  to  what  appear  to 
be  corresponding  parts  should  serve  as  a  reliable  guide  to  their  recog- 
nition and  accurate  definition  and  description  in  comparative  studies 
and  identification  of  species. 

Elements  of  the  Adult  Thorax. 

The  primary  and  secondary  elements  as  represented  in  the  thoracic 
segments  of  an  adult  Dendroctonus  beetle  are  shown  in  the  figures 
and  are  interpreted,  named,  and  described  as  follows:0 

THE  PROTHORAX. 

In  this  genus,  as  in  rhynchophorous  beetles  generally,  the  tergal, 
pleural,  and  sternal  areas  are  fused  into  a  continuous  band.     The 

a  Notum  and  lergum.—  While  the  names  notum  and  tergum  are  synonymous,  the 
former  has  been  applied  more  specifically  to  the  dorsal  division  of  the  prothorax, 
especially  in  beetles,  and  is  here  utilized  in  that  sense.  The  name  tergum  is  here 
used  to  designate  the  dorsal  areas  of  the  mesothorax,  metathorax,  and  abdomen,  on 
account  of  the  use  of  the  term  tergite  to  designate  a  subdivision. 
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primary  and  secondary  divisions  are  not  indicated  by  lines  or  sutures, 
but  the  corresponding  areas  are  suggested  by  peculiar  characters  of 
sculpture  and  vestiture,  which  are  of  more  or  less  taxonomic  impor- 
tance, and  thus  may  be  arbitrarily  indicated,  as  in  figures  16  and  17, 
to  serve  as  guides  to  the  location  of  characters  in  comparative  study 
and  description. 

Pronotum. — The  pronotum  is  the  dorsal  or  tergal  area  of  the  pro- 
thorax,  as  defined  by  the  anterior,  posterior,  and  lateral  margins. 
There  is  considerable  specific  variation  in  its  structure,  sculpture,  and 
relative  proportions.  It  ranges  from  about  one-fourth  to  about  one- 
third  broader  than  long,  with  about  the  same  range  of  difference  in 
the  width  of  the  posterior  and  anterior  areas.  In  some  species  the 
lateral  margins  are  nearly  parallel,  while  in  others  they  are  distinctly 
convergent  and  constricted  anteriorly.  The  anterior  margin  is 
broadly  sinuate,  while  the  vertex. or  dorsal  margin  of  the  posterior 
declivity  is  bisinuate.  The  anterior  area  is  broadly  transversely 
impressed,  except  in  the  females  of  some  species,  where  the  median 
section  of  the  area  is  transversely  elevated.  The  posterior  declivity, 
which  perhaps  represents  the  postscutellum,  is  more  distinctly 
exposed  and  defined  in  this  genus  than  it  is  in  allied  genera  and  is 
therefore  an  important  character  of  generic  distinction.  The  pleural 
and  sternal  areas  are  indicated  in  figure  17. 

Episternal  area. — The  episternal  area  is  limited  dorsally  by  the 
lateral  margins  of  the  notum,  ventrally  by  the  smooth  exocoxal 
area,  posteriorly  by  the  epimeral  area,  and  anteriorly  by  a  preepis- 
ternal  impression  or  in  some  species  by  a  ridge.  The  sculpture  of 
this  area  is  quite  variable  and  in  some  species  furnishes  characters  of 
considerable  value. 

Epimeral  area. — The  epimeral  area  is  represented  by  a  flattened, 
smooth  space  situated  between  the  roughened  episternal  area  and  the 
posterior  margin  of  the  prothorax  and  between  the  coxae  and  the 
basal  angle  of  the  notal  area. 

Sternal  area. — The  entire  sternal  area  between  the  anterior  and 
basal  margins  is  largely  occupied  by  the  coxal  cavities,  which  are 
separated  by  the  very  narrow  intercoxal  or  sternellar  piece.  The 
elevated  anterior  margin  evidently  represents  the  presternum,  while 
the  sternum  is  quite  clearly  defined  by  a  nearly  vertical  flat  to  con- 
cave space  between  the  presternum  and  the  coxae,  the  lateral  limit 
being  indicated  by  the  smooth,  shiny  exocoxal  area  between  the  coxae 
and  the  episternal  area.  The  sternum  proper  is  quite  variable,  rang- 
ing from  concave,  smooth,  and  shiny,  without  trace  of  a  median  lon- 
gitudinal line  to  nearly  flat,  roughened,  or  with  a  median  subcari- 
nate  line;  but  apparently  none  of  these  minor  characters  is  suffi- 
ciently constant,  even  within  the  same  species,  to  be  of  much  taxo- 
nomic value. 
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Poststernellar  area — The  poststernellar  area  is  well  defined  and 
'serves  to  completely  inclose  the  coxal  cavity.  It  has  been  referred 
to  as  the  epimeron,  but  since  the  epimeral  is  so  clearly  defined  as  a 
lateral  area,  it  appears  to  more  correctly  represent  the  poststernellum, 
which  in  the  mesosternum  and  metasternum  is  not  evident,  or  is 
modified  to  accommodate  the  large  coxal  cavities. 


THE  MESOTHORAX. 


The  meso thorax  (figs.  18,  19)  is  short  and  partially  hidden 
from  view  by  the  prothorax,  which  covers  the  anterior  third  of  the 
sterna,  pleurites,  and  tergites,  while  the  base  of  the  elytra  covers 
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Fig.  19.— Dendroctonus  vilens:  Mesotergum  and  mesopleurum.  a,  Lateral  arm  of  prephragma  and 
p rescu turn;  b,  wing  root  or  connecting  membrane;  c,  lasal  margin  of  elytra;  d,  radial. plate;  e,  flexor 
plate;  /,  median  plate;  g,  scapular  plate;  h,  subscapular  [late;  t,  sutural  or  anal  margin;  j,  preeplsteraal 
process;  k,  clavicle  condyle;  I,  coracoidal  condyle;  m,  scutellum;  n,  lateral  margin  of  elytra;  o,  arm  of 
preepisternal  process;  strike  2-10;  Interspaces  2-11;  p,  lateral  arm  of  postphragma;  9,  pleural  clavlculus. 
(Original.) 

the  posterior  third  and  dorsal  area  of  the  tergum,  leaving  but  a 
small  triangular  area  exposed  between  the  thorax  and  inner  angles 
of  the  elytra.  Upon  removing  the  prothorax  and  elytra  this  segment 
is  found  to  represent  most  of  the  primary  and  secondary  divisions 
of  the  normal  segment. 

MESOTEROUM. 

The  meso  tergum  (fig.  19)  is  rectangular  in  form,  with  the  pre- 
scutum  occupying  two-thirds  of  the  area,  while  the  scutum,  scutellum, 
and  postscutellum  are  less  clearly  defined  or  rudimentary. 

Prescutum. — It  is  evident  that  the  large  subtriangular  dorsal  sec- 
tion represents  the  prescutum,  as  indicated  by  the  evident  prescutal 
lobe  and  prescutal  process,  attachment  of  wing  accessories,  etc. 
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Prephragma. — The  prephragma  is  strongly  flexed  beneath  the 
median  area,  but  the  anterior  arms,  in  conjunction  with  the  anterior 
angles  of  the  prescutum,  are  prominent  and  strongly  produced. 

Scutum. — The  oblique,  impressed,  triangular  section  situated 
beneath  the  posterior  margin  of  the  prescutum  evidently  represents 
the  scutum. 

Scutellum. — The  hornlike  process  situated  at  the  apical  angle  of 
the  prescutum  apparently  belongs  to  the  scutellum  and  corresponds, 
perhaps,  to  the  structure  which  forms  the  scutellar  groove  of  the 
metathorax.  This,  with  the  posterior  lateral  section,  represents  the 
median  and  lateral  sections  of  the  scutellum. 

PostecuteUum. — The  postscutellum  apparently  is  not  represented 
by  an  external  piece,  but  by  an  evaginated  fold  beneath  the  scutellum 
and  by  the  lateral  arms  of  the  postphragma  (fig.  19). 

Postphragma. — The  postphragma  is  represented  by  the  posterior 
invagination  or  fold  beneath  the  scutellum  and  by  the  lateral  arms, 
as  evidenced  by  the  attachment  of  the  scutal  muscle  to  the  arm  and 
the  connection  of  the  arm  with  the  invaginated  phragma. 

MESOPLEURA. 

The  episternum,  preepisternum,  epimerum,  and  postepimerum  are 
all  represented  and  together  occupy  an  area  greater  than  that  of  the 
sternal  and  slightly  greater  than  that  of  the  tergal. 

Preepisternum. — The  preepisternum  occupies  the  area  in  front  of 
a  transverse  impression  and  is  quite  prominent.  The  anterior  mar- 
gin bears  the  preepisternal  process  (fig.  19,  j),  which  is  common  to 
most  of  the  Rhynchophora,  and  is  more  or  less  represented  in  certain 
other  Coleoptera,  such  as  Carabidae,  Cicindelidae,  Scarabseidse,  etc., 
but  it  is  surprising  to  find  that  it  is  not  represented  in  Ips  (Tomicus) 
and  allied  genera  of  the  Scolytidae.  It  is  peculiar  to  the  mesothorax 
and  is  progressively  modified  in  character  and  function  through 
various  groups  of  Coleoptera  from  an  obscure  accessory  of  the  clavi- 
cle disk  to  a  prominent  process.  In  Dendroctonus  it  is  fused  with 
the  anterior  margin  of  the  preepisternum  and  has  an  arm  extending 
to  the  dorsal  angle  to  form  an  accessory  to  the  wing  process.  It 
bears  a  set  of  powerful  muscles,  which  are  attached  to  the  inner  wall 
of  the  postscutellar  and  scutellar  areas  of  the  pronotum,  thus  form- 
ing a  powerful  muscle  connection  between  the  two  segments.  The 
mesothoracic  spiracle  is  situated  in  the  angle  between  this  process 
and  the  sternal  area  and  is  covered  by  the  epicranial  area  of  the 
prothorax. 

Clavicle  disk. — The  slender  plate  situated  in  front  of  the  arm  of 
the  preepisternal  process  appears  to  correspond  with  the  clavicle 
disk  of  the  metapleurum.  It  is  connected  by  a  ligament  to  the  head 
of  the  elytra,  and  its  muscle  is  attached  to  the  rudimentary  ante- 
coxal  piece.     Both  the  preepisternal  process  and  the  clavicle  plate, 
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as  here  defined,  are  probably  modifications  of  the  episternal  paraptera 
of  Audouin. 

Episternum. — The  episternum  is  the  clearly  defined,  large,  exposed 
triangular  pleurite  situated  between  the  posterior  margin  of  the 
preepisternum  and  the  epimerum,  with  the  dorsal  angle  dilated,  pro- 
duced, and  flexed  ventrally  at  the  apex  and  with  the  apex  of  the 
epimerum  and  preepisternal  process  forming  the  pleural  claviculus 
with  its  clavicle  and  coracoidal  condyle  for  the  articulation  of  the 
elytra.  The  posterior  angle  of  the  episternum  is  acute,  and  the 
suture  between  it  and  the  sternum  is  obliquely  sinuate.  The  epi- 
sternal impression  is  clearly  defined  by  the  elevated  posterior  margin 
of  the  preepisternum,  and  is  usually  covered  by  the  posterior  margin 
of  the  prothorax. 

Epmerum. — The  epimerum  is  exposed  at  its  posterior  ventral 
half  and  has  its  posterior  margin  fused  with  the  metasternum  and 
metepisternum  and  the  produced  anterior  dorsal  angle  with  its 
coracoidal  condyle  is  covered  by  the  episternum. 

Postepimsrum. — The  postepimerum  is  represented  by  a  small  de- 
clivous area  beneath  the  posterior  dorsal  angle,  where  it  covers  the 
metathoracic  spiracle. 

ME8O8TERNA. 

Presternum  (fig.  18). — The  presternum  is  quite  clearly  represented 
by  the  narrow,  slightly  elevated,  anterior  margin  joined  directly  with 
the  anterior  ventral  angle  of  the  preepisternum. 

Sternum. — The  sternum  is  short,  flat,  and  subdeclivous,  with  the 
posterior  angle  (exocoxal  piece)  extending  around  the  coxal  cavity  to 
its  junction  with  the  anterior  angle  of  the  metasternum. 

Sternelhr  area. — The  sternellar  area  appears  to  be  represented  by 
the  elevated  and  rather  broad  intercoxal  piece,  while  the  poststernel- 
lum  is  apparently  represented  by  a  poststernellar  piece. 

THE  METATHORAX. 
METATERGUM. 

From  a  systematic  and  taxonomic  point  of  view,  the  metatergum 
is  by  far  the  most  important  and  interesting  part  of  the  thorax  of 
beetles.  We  find  in  it  not  only  evidence  of  the  four  transverse 
divisions,  but  examples  of  the  possible  extremes  in  modification  to 
meet  the  requirements  of  wing  articulation  and  wing  motion. 

Transverse  sutures. — By  a  comparison  of  the  metatergum  of  repre- 
sentatives of  different  orders  of  insects  and  of  the  larvae,  pupae,  and 
adults  of  some  insects,  as  in  Dendroctonus,  we  find  that  the  prevailing 
principle  of  division  involves  three  transverse  external  lines,  sutures, 
or  impressions,  and  three  corresponding  entothoracic  ridges,  apo- 
demes,  or  invaginated  ectoderm,  which  define  more  or  less  clearly 
the  four  divisions,  viz,  prescutum,  scutum,  scutellum,  and  postscu- 
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tellum.     We  also  find  that  these  transverse  sutures  are  subject  to 
great  variation  in  position,  contour,  character  of  surface,  manifest  u- 


FlG.  20.-  Dendroaamia  mlcnt;  Metatergum  and  nn:la"lmrmn.  fl.  Anterior  u pert  of  prephraRma  find 
prestutum;  D,  metatergum  and  metapleiimm;  B,  posterior  uppe<  t  of  postpliragma  and  poslsculel- 
lum;  a,  lateral  arm  ol  prcphragma:  b,  dorsal  Imjid-  r.  scapular  plain;  <i,  siib.-icapular  plate;  e,  llexor 
plate:  /.  radial  plate;  o,  medial  plate;  ft,  lateral  arm  of  postphragma;  i-1,  metaterga]  eosta?;  j,  anlerlor 
disk;  kf  scutellar  groove;  I,  posterior  rEdjie:  o,  exposed  triangular  plate  of  posteplmeron:  p,  pleural 
hinge;  pc,  pleural  clavicular  q,  posterior  ventral  angle  of  Bplstemimi;  r,  anterior  ventral  angle  of 
eplstemum;  t,  pleural  suture;  t,  postscutellar  process;  u,  clavicle  condyle;  P,  coracolda]  condyle; 
if,  attachment  and  articulation  of  scapular  plate;  I,  dorsal  area  of  post scu tellum;  y,  pleural  disk; 
t,  elevated  acute  margin;  il,  memhranons  area:  21.  villous  area.  Wing  veins:  C,  costa;  Sc,sub- 
costa;  X,  radius;  It,  media;  Cu  /,  cubitus  1;  (,'u  8,  cutjttus  2;  A,  anal.    (Original.) 

tions,  etc.,  to  correspond  with  the  enormous  range  of  modification  to 
which  one  or  all  four  of  the  transverse  divisions  are  subject.  These 
external  evidences  of  separation  of  parts  are  here  referred  to  as  sutures, 
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although  in  some  cases  they  may  be  but  faintly  or  obscurely  indicated. 
The  lateral  and  median  sections  of  the  anterior  suture  separating  the 
prescutum  from  the  scutum  have  a  tendency  to  curve  posteriorly, 
and  especially  the  median  section,  which  has  a  very  strong  tendency 
in  this  direction,  and  is  often  manifested  to  such  an  extent  as  to 
separate  the  scutum  into  two  lateral  sections,  as  shown  in  figure  20. 
The  median  suture  has  a  reverse  tendency,  the  lateral  sections 
extending  anteriorly,  the  submedian  section  posteriorly,  and  the 
median  strongly  anteriorly.  Thus  we  often  find,  as  shown  in  figures 
20  and  21,  that  the  two  sutures  overlap  and  form  external  longitu- 
dinal ridges  and  internal  oblique  apodemes,  with  an  external  median 
longitudinal  impressed  area.  It  appears  that  the  dorsal  groove  may 
belong  to  either  the  scutellum  or  prescutum  or  represent  a  combina- 
tion of  the  two,  but  for  the  sake  of  uniformity  in  its  definition  the 
name  scutellar  groove  is  here  adopted.  The  posterior  suture  is 
usually  distinct  in  the  metatergum,  especially  in  that  of  Coleoptera, 
and  is  much  less  subject  to  striking  modifications  in  contour,  etc., 
than  the  two  preceding.  Thus,  it  clearly  defines  the  postscutellum, 
as  in  figure  20. 

Transverse  divisions. — The  writers  interpretations  of  the  modifi- 
cations and  position  of  the  four  transverse  divisions  as  represented 
in  Dendroctonus  are  demonstrated  in  figure  20. 

Prescutum  (fig.  20). — The  area  designated  as  the  prescutum  is  that 
involving  the  attachments  of  the  principal  sternotergal  muscles  and 
the  anterior  lateral  process  for  the  attachment  and  articulation  of 
the  scapular  plate.  The  anterior  limit  is  defined  by  the  prephragma, 
its  posterior  limits  by  the  anterior  suture  and  apodeme  and  the 
posterior  limit  of  the  prescutal  lobes,  and  laterally  by  the  anterior 
angle  or  limit  of  the  lateral  emargination.  The  most  important 
features  are  the  prominent  prescutal  lobes  and  anterior  lobes  for  the 
attachment  of  the  depressor  muscles,  the  prescutal  disk  for  the  small 
muscle  connecting  it  with  the  pleural  clavicula,  and  the  triangular 
prescutal  process  for  the  attachment  and  articulation  of  the  scapular 
plate.  (See,  also,  figure  21  for  the  entotergal  characters  and  anterior 
apodeme.) 

Prephragma  (fig.  20,  B). — The  prephragma  is  the  median  section  of 
the  anterior  vertical  area  of  the  prescutum.  Its  dorsal  and  lateral 
limits  are  defined  by  the  line  of  attachment  of  the  intersegmental 
membrane.  The  lateral  arms  in  conjunction  with  the  anterior  process 
of  the  anterior  lobe  of  the  presternum  are  greatly  extended  ventrally. 

Scutum. — The  scutum  is  represented  by  the  large  scutal  lobes  situ- 
ated each  side  of  the  scutellar  groove.  These  lobes  are  for  the  ante- 
rior attachment  of  the  large  scutal  muscles  with  the  posterior  attach- 
ment to  the  lateral  arms  of  the  postphragma.  The  lateral  margin  of 
the  scutum  is  defined  by  the  lateral  emargination  and  elevated 
scutellar  ridge  which  terminates  in  the  scutellar  process,  and  poste- 
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riorly  by  the  oblique  sinuated  line  of  the  median  suture  and  the 
lateral  section  of  the  posterior  ridge. 

Scutellum. — The  scutellum  is  represented  externally  by  the  area 
posterior  to  the  oblique  line  of  the  median  suture  and  by  the  sublat- 
era)  and  lateral  ridge  which  terminates  in  the  scutellar  process,  as  is 
indicated  by  the  character  of  the  entotergum  and  by  comparison 
with  the  less  modified  scutellar  division  in  other  insects.  The 
median  longitudinal  groove  appears  to  represent  the  median  produced 
section  of  the  scutellum  rather  than  a  part  of  the  scutum  or  prescu- 
tum,  as  indicated  by  the  character  of  the  entotergum  and  the  widely- 
separated  apodemes  of  the  median  suture  which  extend  to  and  join 


Fig.  21.— Drndrxictx-ai  vtUnt;  Uelatergum,  Inner  aspect,  a,  Lateral  ami  of  prephragma;  b.  dorsal 
band;  e,  scapular  articulation;  d,  posterior  angled  prescutum;  t,  posterior  arm  of  postphiagtna;  /.  pos- 
terior apodeme;  I,  anterior  disk;  *,  posterior  margin  of  scutellum;  ',  ventral  wall  of  postscutellum. 
(Original.) 

with  the  anterior  apodeme  (fig.  21),  thus  defining  a  large  median 
triangular  area  which  is  evidently  scutellar. 

Postscutellum.— The  postscutellum  is  the  exposed  dorsal  and  lateral 
area  between  the  clearly  defined  posterior  suture  and  the  line  of 
attachment  of  the  first  abdominal  tergite.  It  is  firmly  connected 
with  the  scutellum  toward  each  side  at  a  point  near  the  base  of  the 
oblique  apodeme  of  the  middle  suture,  otherwise  the  connection  is 
membranous.  The  anterior  angles  support  the  metapleural  hooks 
(fig.  20,  /?,i*),which  fit  into  a  fold  in  the  dorsal  margin  of  the  postepi- 
merum  (fig.  20,  p)'. 

Postphraffma.—The  postphragma  is  an  invagination  of  the  pos- 
terior section  of  the  postscutellum  and,  with  the  produced  posterior 
disks  and  arms,  serves  as  important  posterior  attachments  for  the 
longitudinal,  tergal,  and  oblique  scutal  muscles. 
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METAPLEURA. 


The  metapleurum  is  well  developed  and  distinctly  represented  by 
the  two  longitudinal  sclerites,  episternum  and  epimerum  (figs.  3, 
20),  with  their  anterior  dorsal  angles  greatly  produced  to  form  the 
pleural  clavicula  with  its  clavicle  and  coracoidal  processes. 

Pleural  suture  and  apodeme. — The  pleural  suture  marks  the  line  of 
division  between  the  episternum  and  epimerum,  and  extends  from  the 
dorsal  angle  of  the  coxae  to  the  apex  of  the  pleural  clavicula  and 
between  the  clavicle  and  coracoidal  process.  That  this  is  the  true 
pleural  suture  is  indicated  by  the  corresponding  prominent  pleural 
apodeme.  It  is  also  quite  evident  that  the  episternum  corresponds 
to  the  hypopleurites  and  the  epimerum  to  the  epipleurites  of  the 
abdominal  segments  (figs.  3,  22). 

Episternum. — The  episternum  is  exposed  when  the  elytra  are 
closed  (fig.  2).  The  suture  between  it  and  the  sternum  is  distinct 
and  nearly  straight,  with  the  anterior  end  curved  toward  the  coxa. 
The  posterior  ventral  angle  is  oblique  and  joins  the  posterior  dorsal 
angle  of  the  sternum;  from  here  the  posterior  margin  is  oblique  to 
its  acute  junction  with  the  epimerum  and  the  dorsal  angle  of  the 
coxal  cavity.  From  here  the  dorsal  margin  is  acutely  elevated  to 
fit  into  the  anterior  lateral  groove  of  the  elytron,  and  is  nearly  parallel 
with  the  ventral  margin  to  the  preepisternum. 

Preepisternum. — The  preepisternum  appears  to  be  represented  by 
the  narrow  declivous  anterior  section  of  the  episternum  connected 
with  the  anterior  basal  area  of  the  pleural  clavicula  and  is  apparently 
involved  in  the  formation  of  the  clavicle  process.  The  clavicle  disk 
evidently  represents  one  or  both  of  the  paraptera  of  certain  other 
insects  and  belongs  to  the  prepleura.  It  is  situated  immediately 
anterior  to  the  preepisternum.  It  is  large,  prominent,  and  partially 
exposed,  and  is  connected  by  a  chitinous  tendon  to  the  side  of  the 
clavicle  process.  This  disk  supports  the  set  of  large  clavicular  or 
sterno-pleural  muscles,  the  opposite  ends  of  which  are  attached  to  the 
sternum  and  sternellum. 

Epimerum. — The  epimerum  is  situated  between  the  pleural  suture 
and  the  tergum.  With  the  exception  of  the  extreme  posterior  ven- 
tral angle  of  the  postepimerum  it  is  covered  by  the  elytra.  The 
anterior  dorsal  angle  is  strongly  produced  to  form  the  coracoid  pro- 
cess. The  ventral  area  is  chitinous  and  is  joined  to  the  episternum 
by  the  pleural  suture,  while  the  dorsal  area  is  submembranous  tc 
membranous  to  its  junction  with  the  base  of  the  wing  membrane. 

Postepimerum. — The  posterior  ventral  angle  and  posterior  lateral 
section  represent  the  postepimerum,  as  is  indicated  by  its  articula- 
tor}7 junction  with   the  poststernellum  (fig.  20,  p),    The  posterior 


THE   GENUS  DENDROCTONUS. 


35 


ventral  angle  or  ventral  section  of  the  postepimerum,  which  might 
be  mistaken  for  a  postepisternum,  is  indicated  by  the  pleural  apodeme 
and  pleural  suture  which  here  join  the  dorsal  angle  of  the  coxa.  It 
is  not  impossible,  however,  that  this  plate  may  represent  a  combined 
postepisternum  and  postepimerum. 


M  ETA  STERN  A. 


The  metasterna  (figs.  2,  3)  form  a  broad  rectangular  plate  separated 
into  two  lateral  sections  by  a  median  longitudinal  line.  The  pre- 
sternum and  poststernellum  are  not  represented  by  external  parts. 


j—  -EpipUuriU  4 


■Spiracle  1 
-EpipieuriUl 

-  SpiracUf 

-  EpipUurile* 
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-*  Spiracle  5 
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-  ■  Spiracle  0 
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rTopygmxiwn  m  - 


Pygidnm 


*  Spiracle  7 
>sEpipleurUe  7 


Stridulatmg  temper 


Fig.  22.—Dendroctontis  vaUru:  Abdominal  tergites.    a,  Anterior  arm  of  epipleurite  7;  b,  posterior  arm  of 

eplpleurite  7;  c,  membranous  lobes.    (Original.) 

Sterrwm. — The  sternum  is  evidently  represented  by  the  large  con- 
tinuous area  between  the  mesocoxse  and  the  small  median  plate  and 
the  slightly  acclivous  area  anterior  to  the  metacoxa. 

Sternellum. — The  sternellum  is  evidently  represented  by  the  pos- 
terior median  plate  and  the  posterior  acclivous  areas  (fig.  2,  a).  The 
relation  of  the  latter  to  the  sterneilar  area  is  indicated  by  the  attach- 
ment of  the  posterior  pair  of  clavicular  muscles. 


THE    ABDOMEN. 


The  abdominal  terga,  pleura,  and  sterna,  and  their  relative  pro- 
portions, are  shown  in  figures  1-3  and  22-25. 
79980-09 i 
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Abdominal  Teroiteb. 

The  eight  abdominal  tergites  are  normally  covered  by  the  elytra. 
The  apparent  difference  in  the  relative  proportions,  as  indicated  by 
figures  3  and  22,  is  due  to  the  flexible  intersegmental  membrane  and 
the  fact  that  figure  20  is  from  a  balsam  mount.  The  integument 
of  1  to  6,  inclusive,  is  more  or  less  membranous,  while  that  of  7  and  8, 
with  the  exception  of  the  finely  silicate  membranous  lobes  of  7,  is 
chitinous.     In  the  female,  8  is  covered  by  7,  and  forms  the  so-called 


'^ 


tii;ilterellcs7ande.  .I.TergUeSlpj'Kldiuin). ventral;  A.same, 
>u  o(  stemile  8;  D,  teniile  7  (propyKtdlum),  doisaJ;  E,  same. 

:  sieniite  8;  /.  pleural  opening;  /,  anal  space:  *,  ventral  fold;  I, 
:;  k,  apical  spine;  (,  sUldtilsUng  process;  m,  sensor;  bristles; 
daned  section  ol  mombrauous  lobe;  p,  stridulallng  semper. 


Fia.23— Dtn&roclonvnvltut:  : 
dorsal;  C,  Mine,  win  nil.  slio 

cpl  pleural  process;  c,  tiypupl' 

meliirit'iilary  pj.iriu-le  K  j.  epi 
n,  enlarged  seitlon  ol  Mora 

(Ordinal.) 

"pygidium,"  while  in  the  male  S  is  distinct  and  together  with  7  forms 
the  so-called  "divided  pygidium." 

Pygal  tergites  of  the  male. — The  pygal  tergites  of  the  male  are  shown 
in  figure  23,  A,  B,  C,  D,  K.  Tergite  7  is  the  propygidium  and  as  a 
bearer  of  generic  and  sexual  characters  is  the  most  important  of  the 
entire  series.  In  the  mule  the  posterior  margins  between  the  epi- 
pleurites  converge  toward  the  apex,  which  is  produced  into  a  bifid 
process  and  supports  the  slridulating  scrapers.  The  posterior  area 
of  the  tergite  is  thickened  and  strengthened  to  meet  the  requirements 
of  stridulation.  There  is  a  broad  ventral  fold  (fig.  23  E,  K)  of  the 
integument  which  may  serve  a  similar  function  to  that  of  a  sounding 
board. 
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The  median  area  is  triangular  in  form  and  covered  with  bristles 
and  haira  rising  from  variously  formed  bases.  On  its  face  and  some- 
times on  the  posterior  area  there  are  a  few  irregularly  arranged 
truncate  tubercles  (D,  m),  each  bearing  a  short,  stiff  bristle.  These 
may  possibly  function  as  sense  organs. 

The  membranous  lobes  are  subovate,  finely  sulcate,  and  thickly 
clothed  with  reclining  microscopic  spines  (o).  The  exact  function 
of  these  lobes  is  not  known  to  the  writer.  Tergites  4,  5,  and  6  have 
similar  lobes.  The  other  dorsal  and  ventral  characters  are  made 
sufficiently  clear  in  D  and  E. 


Fig.  24.— DendTtOimut  valem:  Female,  abdominal  termites  7  and  8.  a,  Anterior  arm  of  aplpleurlte  7; 
6,  membranous  area  surrouadlnK  spiracle;  c,  membranous  lolie;  i,  eplpleural  process;  t,  hypopleural 
process  of  sternite  8;/*,  pleural  opening:  g,  anal  spore;  A,  ventral  fold;  i,  rudimentary  spiracle;  J,  op  I  pleural 
disk;  k,  median  membranous  connection  olihe  lateral  sections  of  slemlle  8.    (Original.) 

Tergite  8  (A,  B)  is  the  pygidium.  This,  in  the  male,  is  always 
larger  and  more  exposed  beyond  the  margin  of  tergite  7  than  in  the 
female.  The  relative  proportions,  as  compared  with  7,  and  the  dorsal 
and  ventral  characters  are  clearly  shown  in  A  and  B.  The  lateral 
arms  serve  as  attachments  for  pleural  muscles  and  articulating  mem- 
brane and  ligaments.  In  C  the  abdominal  sternite  is  added  to  show 
its  relative  position  and  proportions. 

Pygal  tergites  of  the  female. — The  pygal  tergites  of  the  female  are 
shown  in  figure  24,  A,  B,  C,  D,  E,  F. 

Tergite  7  (propygidium)  is  much  more  simple  in  structural  details 
in  the  female  than  in  the  male,  and  tergite  8  (pygidium)  is  also  more 
simple  and  shorter,  being  almost  or  entirely  covered  by  7  when  in 
normal  position. 

The  characters  of  sternite  8  are  shown  in  D,  the  most  important 
of  which  is  the  median  membranous  area. 
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At  the  lateral  ends  of  the  abdominal  tergites  and  sternites  there 
are  well-defined  areas  (figs.  3,  22,  25),  which  may  be  designated  as 
pleurites.  Those  situated  immediately  above  the  pleural  suture  and 
bearing  the  spiracles  may  be  referred  to  as  ejnpleuntes,  while  those 
of  the  sternites  which  are  immediately  below  the  pleural  suture  may 
be  designated  as  hypo  pleurites;  both  series  are  well  defined  in 
Ddulroctonus. 

In  a  lateral  view  (fig.  3)  seven  epipleurites  and  five  hypopleurites 
are  clearly  defined,  with  the  eighth  epipleurite  and  the  second  hypo- 
pleurite  indicated,  and  when  the  abdomen  is  removed  both  the  first 
and  second  of  the  latter  series  are  quite  distinct. 


Abdominal  Sternites. 

The  characters  of  the  abdominal  sternites  are  shown  in  figures  2, 
3,  and  25.  There  are  eight,  corresponding  to  the  eight  tergites,  but 
only  five  are  exposed,  viz,  3  to  7,  which  are  densely  cliitinized  and 
clearly  defined  by  four  sutures. 

Sternites  1  and  2  and  the  anterior  portion  of  3  are  covered  and 
obscured  by  the  large  metacoxa  and  form  the  posterior  wall  of  the 
eoxal  cavity.  They  are  fused,  but  the  sutures  are  indicated  by  faint 
lines.  Sternite  3  (first  ventral  segment  of  some  writers)  has  the 
median  area  produced  anteriorly,  and  with  faintly  indicated  median 
portions  of  sternites  2  and  1  it  forms  the  intercoxal  process,  the  apex 
of  which  forms  a  junction  with  the  metasternellar  piece.  The 
anterior  exposed  margin  forms  the  posterior  margin  of  the  coxal 
cavity,  but  the  junction  with  tbe  preceding  segment  is  but  faintly 
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indicated  in  the  wall  of  the  coxal  cavity.  Stemites  4,  5,  and  6  are 
nearly  of  equal  length,  while  sternite  7  is  nearly  as  long  as  5  and  6 
together,  with  the  posterior  margin  broadly  curved  and  forming 
the  apex  of  the  exposed  series.  Sternite  8  (figs.  23,  C,  and  24,  D)  is 
entirely  covered  by  7,  and  is  represented  in  the  male  by  a  narrow 
chitinous  rim  below  the  anal  opening,  while  in  the  female  the  median 
section  of  this  sternite  is  membranous. 

Suture  3,  between  sternites  3  and  4,  is  the  first  visible  suture,  and 
is  rigid  and  straight  throughout,  while  sutures  4,  5,  and  6  are  slightly 
flexible  and  are  strongly  recurved  toward  and  between  the  hypo- 
pleurites,  thus  presenting  an  important  generic  character. 

Spiracles. 

There  are  9  well-developed  spiracles,  2  thoracic  and  7  abdominal, 
with  the  rudiments  of  a  tenth.  The  large  mesothoracic  spiracle  is 
located  in  the  intersegmental  membrane  between  the  prothorax  and 
mesothorax,  and  lies  between  the  preepisternal  process  and  the 
anterior  ventral  angle  of  the  preepisternum.  It  overlaps  the  anterior 
margin  of  the  latter  for  half  its  length,  but  is  completely  covered  and 
obscured  by  the  epimeral  area  of  the  prothorax.  The  metathoracic 
spiracle  is  situated  in  the  intersegmental  membrane  between  the 
metathorax  and  mesothorax,  and  concealed  beneath  the  dorsal 
margin  of  the  mesepimerum.  The  abdominal  spiracles  1-7  are  con- 
spicuous; 1  is  very  large  and  situated  in  the  epipleurite  just  posterior 
to  the  pleural  hook  of  the  metapostscutellum;  2-7  are  situated  in 
their  respective  epipleurites,  as  shown  in  figures  3, 22,  23,  and  24,  while 
8  is  evident,  but  rudimentary. 

THE   LEGS. 

The  structures  and  characters  of  the  parts  of  the  legs  are  so  well 
illustrated  in  the  figures  (figs.  3,  26-29)  that  they  do  not  require 
detailed  description.  The  procoxae  and  mesocoxae  are  large,  globose, 
and  prominent,  the  former  subcontiguous  and  the  latter  widely 
separated  by  the  elevated  intercoxal  or  sternellar  piece,  while  the 
metacoxae  are  oblong,  oval,  and  separated  by  the  process  of  the 
third  abdominal  sternite.  There  is  no  striking  difference  in  the 
anterior,  middle,  and  posterior  trochanters,  femora,  tibiae,  and 
tarsi.  The  trochanters  are  small;  the  femora  are  moderately  stout, 
and  each  is  as  long  as  its  tibia,  which  is  dilated  toward  the  apex  and 
armed  on  its  outer  lateral  margin  with  stout  teeth.  The  anterior 
dorsal  area  has  a  distinct  tarsal  groove  for  the  retractile  tarsus,  as 
shown  in  figures  26  to  29.  The  tarsi  are  each  more  than  half  as  long 
as  their  tibiae,  and  have  five  joints;  joint  1  is  always  longer  than  2, 
but  never  as  long  as  2  and  3  together;  3  is  distinctly  bilobed,  the 
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lobes  slightly  longer  than  joint  4;  joint  5  from  tip  of  lobes  of  3  is 
never  as  long  as  the  others  (1  to  3)  together,  but  sometimes  shorter 
than  I  and  rarely  equal  to  2  and  3.  In  the  males  this  joint  is  often 
longer  than  in  the  female. 

The  trochlear  articulation  of  the  tibia  with  the  tarsus  is  shown  in 
figure  26,  in  which  the 
other  more  important  char- 
acters are  shown  and 
named. 

THE    WINGS. 

Not withst  anding  t  he  vast 
amount  of  published  data 
on  the  wings  of  insects.there 
is  yet  much  difference  of 
opinion  among  the  leading 
authors  in  regard  to  some 
of  the  details,  and  much 
confusion  exists,  due  to 
different  interpretations  of 
the  homologies  of  the  ele- 
ments of  the  wing  and  its 
articulatory  accessories.  A 
detailed  investigation  has 
been  made  of  the  basal 
areas  of  the  wings  of  rep- 
resentatives of  different 
orders  of  insects,  to  deter- 
mine facts  relating  to  the 
fundamental  plan  of  devel- 
opment and  modification, 
and  the  system  of  organi- 
zation of  the  elements  as 
husai  represented  in  Dendroc- 
ve' ''    tonus. 

NomeTwlature. — While 
the  more  generally  accepted  nomenclature  has  been  adopted,  it  has 
seemed  necessary  to  revise  and  more  definitely  define  the  application 
of  some  of  the  old  names  anil  to  introduce  some  new  ones  to  desig- 
nate the  elements  heretofore  obscurely  defined. 

Attachments  and  articulations. — There  are  certain  elements  in  the 
structure,  mechanism,  attachments,  and  articulation  common  to 
the  wings  of  all  insects,  but  within  defined  limits  and  according  to  a 
definite  system  modifications,  additions,  and  reductions  occur. 
Therefore  the  presence  or  absence  of  a  given  element  should  be 
detected  in  any  form  of  wing. 


Flo.  2(i  —  Dttdroclonai  valnu:  Tibia 
nlr.  A,  Leftllliia,  ventral  view;  i 
C, left femorti.enlnl Wow:  i)rlefttil 
E,  loft  tibia,  sinistral  view  of  ban;  - 

6.  siilraplcol  tooth;  c,  tarsal  groove 


i,itextial  view  ol  base; 
tarsus;  a.  apical  tooth: 
i.  subaplcol  ridge;  i, 
17,  dextral  margin;  A, 
In;  j,  anterior fosso;  k. 


t  muscle;  j,  ba&ulgi 
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Primary  elements  of  the  Dendroctonus  wing. — The  primary  wing 
elements  and  their  relations  to  each  other  as  represented  in  Den- 
droctonus may  be  summarized  as  follows:  The  structure  consists  of  a 
dorsal  and  ventral  membrane  or  chitinous  integument.  The  primary 
tracheae  are  costal,  subcostal,  radial,  cubital,  and  anal.  The  primary 
veins  are  costa,  subcosta,  radius,  media,  cubitus,  and  anal.  The 
•wing  plates  are  scapular,  subscapular,  flexor,  subflexor,  radial,  and 
medial.      The  wings  are  attached  by  membrane  to  the  tergum  and 


VKNTUAl, 

Fie.  27.— Dtndroctonwi:  T-elt  tlbiir,  dorsal  and  vontml  a.s|>i'r'.s.     ;,  brn-ieutai':  .',  bmhiti:  i,  conrtiifron*, 

i./ronlaiu;  1,  arimnlctu;  8,  mtncaniu;  J,  parall/locallu;  d,  apprarimaitu;  !/,  moniin .,'..•,■  in,  /»>«[(<  rw. 
(Original.) 

pleurum,  and  by  ligaments  and  tendons  to  tergal  and  pleural  proc- 
esses and  muscle  disks.  The  pleural  processes  are  the  clavicle  and 
coracoid  processes,  which  together  form  the  pleural  clavicula.  The 
tergal  processes  are  the  prescutal,  scutellar,  and  postscu (pilar. 

Elements  of  wing  motion.— The  elements  of  wing  motion  are  the 
clavicular  disk  and  clavicular  muscle,  pleural  disk  and  pleural  muscle, 
flexor  and  flexor  muscles,  prescutal  disk  and  muscles,  anterior  pres- 
cutal lobe  and  anterior  steniotergal  muscles,  posterior  prescutal  lobe 
and  posterior  sternotergol  muscles,  scuta!  lobe  and  scutal  muscles, 
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scutellar  lobe,  postscutellar  processes,  prephragma,  and  postphragma ; 
also  the  pleural  clavicula,  clavicle,  coracoidal,  tergal,  prescutal,  scu- 
tellar, and  postscutellar  processes,  and  connecting  ligaments. 


Mkhothokacic  -' 


>  Metathoracic  Wings. 


While  there  is  a  wide  difference  in  the  appearance  and  structural 
details  of  the  elytra  and  the  hind  wings  of  beetles,  they  are  evidently 
homologous  and  differ  only  in  their  modification  in  structure  and 
function. 


Fio.  38.— Drndrx 


Structure.— The  wing  consists  of  two  layers  of  integument,  the  dor- 
sal evidently  rising  from  the  tergites  and  the  ventral  from  the  epi- 
pleurum  (epimeruin).  Between  these  layers  there  is  a  system  of  tra- 
cheation  and  circulation.  The  integument  of  the  mesothoracic  wing 
or  elytron  is  chitinous  throughout,  while  that  of  the  metathoracic 
or  hind  wing,  with  the  exception  of  the  veins  and  basal  pieces,  is 
membranous. 

Tracheation. — The  same  system  of  primary  tracheal  prevails  in 
both  the  elytra  and  the  hind  wings.    In  the  former  it  corresponds  in 
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general  position  to  that  of  the  primary  veins  in  the  latter,  thus  con- 
forming to  the  prevailing  system  in  fully  developed  wings  of  all 
insects.  The  primary  trachea5  are  costal,  subcostal,  radial,  media), 
cubital,  and  anal.  In  the  elytron  these  occupy  the  marginal  and 
alternating  interspaces  between  the  longitudinal   striae  or  rows  of 


punctures,  while  in  the  hind  wing  they  follow  approximately  the 
primary  veins. 

Metathoracic  or  Hind  Wings. 

The  hind  or  metathoracic  wings  (figs.  1,  20,  and  30)  are  a  third 
longer  than  the  elytra  or  mesothoracic  wings,  under  which  they  are 
folded  when  at  rest.  In  consequence  the  veins  toward  the  middle 
of  the  wings  are  flexible  and  adapted  to  the  requirements  of  folding 
and  unfolding. 
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Basal  area  (fig.  30). — The  basal  area  is  that  in  which  the  basal 
plates  and  head  of  the  veins  occur.  In  this  area  there  are  four 
axillary  plates,  which  are  more  or  less  common  to  insect  wings  in 
general.  These  appear  to  belong  to  the  wing  rather  than  to  the 
body  structures,  and  are  here  designated  as  scapular,  subscapular, 
flexor,  radial,  and  medial  plates.  They  are  discussed  in  greater 
detail  under  wing  articulation. 

Veins. — The  six  primary  veins  represented  in  the  hind  wing  are 
costa,  subcosta,  radius  1  and  2,  media  1  and  2,  cubitus  1  and  2,  and 
anal,  which  last  is  rudimentary. 


liosalarra   - 


Fio.  30.— Dendroc tonus  valcnx:  Diagram  of  basal  area  of  hind  wing,  a,  Scapular  plate;  b,  subscapular 
plate;  c,  flexor  plate;  d,  radial  plate;  e,  medial  plate;  /,  tendon  attachment;  g,  articulation;  h,  subcostal 
head;  i,  costal  head;.;,  costal  tongue;  k,  radial  head:  /,  medial  head;  m,  cubital  head;  n,  anal  head; 
o,  scapular  condyle;  p,  scapular  arm;  q,  scapular  base;  r,  articulator^  margin;  8,  connection  of  costa 
with  sul>costa;  t,  flexor  arm;  u,  connection  of  medial  plate  with  flexor;  C,  costa;  8c,  subcosta;  if,  radius; 
M, media;  Cu,  1,  ;?,  cubitus  1  and  2;  A ,  anal.    (Original.) 

Costa. — In  Dendroctonus  and  most  beetles  the  vein  which  corre- 
sponds to  the  costal  trachea  is  confined  to  the  basal  area,  and  forms 
the  anterior  basal  angle.  The  head  is  produced  beyond  the  head  of 
the  subcosta,  with  which  it  is  fused  to  form  the  articulating  fossa. 
The  produced  head  of  this  vein  appears  to  function  as  an  important 
accessory  of  the  clavicle  muscles  in  extending  and  depressing  the 
wing,  since  it  is  connected  with  the  clavicle  condyle  and  clavicle  disk 
by  tendons.  The  vein  proper  extends  outward  but  a  short  distance 
to  its  submembranous  connection  with  the  subcosta,  and  from  that 
point  the  costal  margin  is  occupied  by  it  and  the  subcosta  to  its 
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junction  with  the  radius,  which  appears  to  form  the  broad  chitinous 
costal  area  to  near  the  apex,  with  branch  2  as  a  distinct  vein. 

Subcosta. — The  subcosta  is  the  principal  vein  of  the  wing.     It  gives 
rigidity  to  the  base,  and  with  the  head  of  the  costa  forms  the  articu- 
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la  ting  head.     It  is  broadest  where  it  is  joined  by  the  costa,  and  is 
strongly  narrowed  to  its  junction  with  the  radius. 

Radius. — The  radius  is  an  important  vein  in  giving  additional  rigid- 
ity to  the  median,  distal,  and  costal  areas  and  in  forming  the  folding 
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hinge.     It  arises  through  the  radial  plate  from  the  subscapular  and 
joins  and  fuses  with  the  head  and  posterior  edge  of  the  subcosta  to 


Fig.  32.—Dendroctonus  valeru:  Basal  process  of  right  elytron.  A,  Ventral;  B,  latero-smistral;  C,  dorsal; 
D,  latero-dextral;  a,  foramen  of  artlculatory  head;  b,  subcostal  head;  c,  costal  head;  d,  costal  fold;  e, 
costal  margin;  /,  callus;  g,  basal  foramen;  h,  anal  fold;  i,  muscle  disk;  j,  radial  plate;  it,  posterior  ven- 
tral area;  lf  anal  margin;  m,  posterior  dorsal  area;  Sc,  subcostal  area.    (Original.) 


'         2 


Fig.  3S.—Dendroctonus  miens:  Declivital  section  of  elytra,    a,  Ventral  shoulder;  b,  tlorsal  shoulder;  e, 
sutural  tongue;  d,  ventral  lip;  e,  dorsal  lip;/,  sutural  groove;  g.  rugose  surface  of  apical  wing-lock;  A, 
stridulating  rasp;  /,  apical  wing-lock;  j,  suture;  A,  anal  canal;  Cu.  cubital  canal;  Mt  medial  canal;  R 
radial  canal;  Sc,  subcosUl  canal;  C.  costal  canal;  D,  transverse  section;  E,  ventral  aspect;  F,  trans* 
verse  sectiou  through  stridulating  rasp;  O,  right  elytron;  II,  left  elytron.    (Original.) 

the  point  where  it  becomes  broadened  and  obliquely  rugose.  Here 
it  separates  from  the  subcosta  and  joins  the  media  by  a  short  cross- 
vein,  and  thence  proceeds,  as  shown  in  the  figure. 
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Media. — The  media  is  distinctly  connected  with  a  basal,  irregular, 
flexible  medial  plate,  which  is  joined  to  the  flexor,  radial,  and  sub- 
scapular plates  by  membrane  and  flexible  chitin.  Near  the  distal 
limit  of  the  basal  area  there  is  an  evident  fold  or  cross  vein  connecting 
the  base  of  the  media  with  the  base  of  the  cubitus,  from  which  it 
proceeds  outward  to  the  hinge,  and 
from  this  point  two  branches  ex- 
tend to  the  anal  margin. 

Cubitus. — The  cubitus  rises  from 
the  outer  border  of  the  basal  area 
and  apex  of  the  flexor  and  has  two 
branches.  Branch  1  extends  to  the 
margin.  Branch  2  is  short  and 
more  or  less  rudimentary. 

Anal. — The  anal  vein  is  evidently 
represented  by  the  broad,  short  spur 
arising  from  the  base  of  the  cubitus, 
and  does  not  extend  to  the  margin. 

Wing  attachment. — The  wing  is 
attached  to  the  body  by  chitinous 
dorsal  and  ventral  integument,  the 
latter  arising  from  the  dorsal  mar- 
gin of  the  epimerum,  and  the  for- 
mer from  the  lateral  margins  of  the 
prescutum,  scutum,  and  scutellum, 
as  indicated  in  the  pupa.  The  heads 
or  roots  of  the  veins  are  attached 
by  a  system  of  connecting  chitinous 
tendons  and  ligaments  to  the  pleural 
and  tergal  processes  and  disks. 

Wing  articulation. — The  principal 
articulation  of  the  wing  is  between 
the  wing  head  formed  by  the  costa 
and  subcosta  and  the  condyles  of 
the  clavicle  and  coracoid  processes 
together  with  the  scapular  plate.  The  scapular  plate  is  also  con- 
nected with  the  prescutal  process  by  articulating  membrane  and 
ligaments. 

Pleural  clavicula  ("clavicula  thoracique,"  Chabrier,  1820). — The 
position  and  function  of  the  articular  processes  of  the  episternum 
and  epimerum  (fig.  20, pc),  as  represented  more  or  less  distinctly  in  all 
insects,  are  in  Dendroctonus  so  strikingly  analogous  with  that  of  the 
clavicle  and  coracoid  in  winged  vertebrates  as  to  suggest  to  the  writer 
the  same  names.  The  giving  of  these  names  conforms  with  the  prac- 
tice of  adopting  for  insect  anatomy  such  of  the  nomenclature  of  ver- 


Fig.  34.— Dendroctonus  valens:  Diagram  of  ely- 
tron, showing  striae,  interspaces,  and  tracheae. 
Stria*  1-10;  interspaces  1-11.  Trachea;:  C,  cos- 
tal; Sc,  subcostal;  R,  radial;  M,  medial;  Cu, 
cubital;  A,  anal.    (Original.) 
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tebrate  anatomy  as  is  applicable  to  parts  in  insects  having  the  same 
or  similar  functions.  Subsequently  the  writer's  attention  was  called 
to  the  fact  that  the  same  idea  was  suggested  to  Chabrier. 

In  Dendrodonus  the  clavicle  and  coracoid  processes  are  prominent 
and  clearly  defined,  the  condyle  of  the  former  being  definitely  con- 
nected with  that  of  the  head  of  the  subcostal  vein,  which  articulates 
between  the  condyles  of  the  clavicle  process  and  scapular  plate. 
Chabrier's  name  clawczda  has  been  adopted  for  the  combined  clavicle 
and  coracoid  processes. 

Tergal  processes  (fig.  20). — The  processes  of  the  tergal  area,  which 
have  more  or  less  important  functions  as  articulatory  accessories, 
may  be  designated  as  prescutal,  scutellar,  and  postscutellar. 

Presented  process. — The  prescutal  process  is  represented  by  a  tri- 
angular extension  of  the  posterior  angle  of  the  prescutum,  and  is  of 
primary  importance  as  an  accessory  to  the  scapular  plate. 

Scutellar  process. — The  scutellar  process  is  represented  by  the  thick- 
ened lateral  margin  of  the  lateral  impression  and  by  the  produced, 
acute,  anterior  angle.  It  is  attached  along  its  lateral  margin  to  a 
pleural  tendon  connecting  the  pleural  disk  to  the  flexor  and  sub- 
scapula.     This  process  is  also  accessory  to  the  flexor. 

Postscutellar  process. — The  postscutellar  process  is  an  extension  or 
arm  of  the  anterior  angle  of  the  postscutellum,  and  has  its  apex 
attached  to  the  pleural  disk  and  to  the  pleural  hook. 

Lateral  emargination. — What  is  termed  the  lateral  emargination 
is  the  emargination  in  the  side  of  the  scutum  between  the  posterior 
angle  of  the  prescutum  and  the  scutellar  process.  It  is  present  in 
most  of  the  insects  and  appears  to  facilitate  the  functions  of  the  flexor 
muscle. 

Lateral  impression. — The  lateral  impression  is  an  impression  to 
accommodate  the  flexor  plate  when  the  wing  is  at  rest. 

Basal  elements. — The  basal  elements  of  the  wing  which  function  as 
articulator}7  accessories  are  here  referred  to  as  head  of  costal  vein, 
scapular,  subscapular,  radial,  medial,  and  flexor  plates  (fig.  30). 

Flead  of  costal  vein  (i) . — The  head  of  the  costal  vein  is  produced 
beyond  its  fused  connection  with  the  head  of  the  subcosta.  It  is 
connected  to  the  head  of  the  clavicle  by  a  ligament,  and  evidently 
functions  in  extending  the  wing  forward  as  well  as  in  contributing  to 
other  motions. 

Scapular  plate  (a). — In  form  and  function  the  fundamental  basal 
plate,  which  we  here  call  scapular  plate,  is  very  suggestive  of  the 
scapula  of  vertebrates,  but  its  peculiar  functions  require  quite  differ- 
ent tergal  connections.  It  is  joined  by  ligaments  to  the  prescutal 
process  and  lateral  margin  of  the  prescutal  lobe  in  such  a  manner  as 
to  facilitate  part  of  its  functions — that  of  unfolding,  elevating,  and 
depressing    the   wing.     Its   condyle    articulates    directly  with     the 
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dorsal  or  inner  edge  of  the  head  of  the  subcosta  and  with  the  clav- 
icle condyle. 

Subscapular  plate  (b) . — The  subscapular  plate  is  more  complicated  in 
its  structure  than  the  scapular  plate,  to  which  it  is  a  direct  accessory, 
the  two  being  closely  joined  by  articulating  ligament.  It  functions 
as  an  intermediate  patella-like  connection  of  the  system  of  tendons 
which  connect  the  pleural  disk  at  the  head  of  the  pleural  muscle  with 
the  flexor,  head  of  scapular  plate,  head  of  coracoidal  process,  head  of 
subcosta,  etc.  Therefore  it  must  be  of  fundamental  importance  in 
wing  motion. 

Radial  plate  (d). — The  radial  plate  is  represented  by  a  thin  chitinous 
piece  connecting  the  radius  with  the  subscapula. 

Medial  plate  (e). — The  medial  plate  is  of  flexible  chitin  connecting 
the  media  with  the  flexor  and  subscapula. 

Both  the  radial  plate  and  flexor  plate  evidently  function  as  articu- 
lating accessories. 

Flexor  plate  (c) . — The  flexor  plate  comes  next  to  the  scapular  plate 
in  its  fundamental  importance  in  wing  connection  and  articulation,  and 
is  especially  fitted  in  structure  and  muscular  connection  for  its  pri- 
mary function  of  flexing  and  longitudinally  folding  the  wing,  as  well 
as  in  the  reverse  action  of  contributing  to  its  outward  extension  and 
rigidity  during  flight. 

Mesothoracic  Wincjb  or  Elytra. 

The  form  and  general  structure  of  the  elytra  are  shown  in  figures  1 
and  31.  They  are  oblong,  rigid  shields,  with  a  subacute  apex  and  a 
truncate  declivous  base  and  a  produced  articulating  head.  The 
structure,  like  that  of  the  metathoracic  wing,  consists  of  two  layers 
of  integument  inclosing  the  tracheal  and  circulatory  system,  but 
instead  of  the  dorsal  and  ventral  layers  being  partially  composed  of 
flexible  membrane,  they  are  chitinous  throughout.  The  ventral 
layer  is  thin  and  smooth,  while  the  dorsal  one  is  thick  and  deeply 
sculptured. 

Tmcheation. — The  six  primary  tracheae  (figs.  31,  34)  occupy  the 
marginal  and  the  alternating  longitudinal  spaces  between  the  rows 
of  punctures.  Each  has  numerous  fine  lateral  branches  passing  be- 
tween the  punctures  into  the  intervening  interspaces,  producing  a 
network  of  fine  tracheae,  with  the  punctures  representing  the  mesh. 
Thus  we  have  a  probable  explanation  of  the  primary  cause  of  the 
system  of  punctures  in  the  elytra  and  the  longitudinal  and  tranverse 
thickened  spaces  between  them.  The  thickened  and  elevated  areas 
are  due  to  a  concentration  of  chitin  over  the  tracheal  and  circulatory 
canals,  while  the  punctures  and  grooves  are  the  points  of  adhesion  or 
junction  of  the  two  layers  to  form  the  walls  between  the  canals. 
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Sculpture. — The  dorsal  chitinous  layer  presents  many  and  varied 
characters  of  sculpture,  the  principal  elements  of  which  are  the 
striae,  including  the  longitudinal  impression  and  rows  of  punctures. 
The  interspaces  are  longitudinal  spaces  between  the  striae.  The 
rugosities  of  the  interspaces  and  striae  and  the  elevated  rugose  basal 
margin  are  all  characteristic  elements  of  sculpture.  There  are  ten 
striae  and  eleven  interspaces.  For  convenience  in  referring  to  the 
variable  characters,  these  are  numbered,  beginning  with  those  next  to 
the  dorsal  suture,  when  the  elytra  are  closed,  or  with  the  posterior  or 
anal  margin  when  the  elytra  are  open.  Thus  we  have  interspaces  1 
to  11,  and  striie  1  to  10  (figs.  31,  33). 

Interspaces. — In  an  ideal  system  (fig.  34)  interspaces  1  to  5  are 
continuous  toward  the  apex  with  11  to  7,  leaving  6  independent 
between  5  and  7.  The  primary  tracheae  occupy  interspaces  1,  3,  5,  7, 
9,  and  11.  There  is,  however,  more  or  less  variation  and  modifica- 
tion in  the  elytra  of  beetles  from  this  ideal  arrangement  and  espe- 
cially upon  the  distal  ends  and  their  junctions  with  each  other  on 
the  declivital  area.  In  Dendroctonus  interspace  1  is  usually  more 
elevated  and  continuous  to  apex,  where  it  joins  the  very  narrow 
marginal  1 1 ;  2  is  less  elevated  to  flat,  narrowed  toward  apex,  and 
joins  the  very  narrow  and  obscure  submarginal  10,  which  becomes 
broader  and  distinct  toward  the  base;  3  joins  the  distinct  9;  4  joins 
6  around  the  apex  of  5,  and  also  joins  8  around  the  apex  of  7. 

Strive. — In  the  ideal  arrangement  (figs.  1,  31,  34),  striae  1  to  5  are 
continuous  with  striae  10  to  6,  but  the  usual  arrangement  on  the 
declivity  in  this  genus  Is  1  to  3  continuous  with  10  to  8,  while  4  is 
continuous  with  5,  and  6  with  7.  The  strial  punctures  range  from 
small  to  coarse  and  from  very  distinct  to  obscure,  and  are  some- 
times variable  in  size  and  appearance  in  the  same  species.  The  pre- 
vailing condition,  however,  of  relative  obscurity  or  distinctness  in 
different  species  is  of  considerable  specific  importance.  The  strial  im- 
pressions also  vary  within  the  genus  from  scarcely  to  distinctly  or 
deeply  impressed,  and  the  prevailing  condition  within  the  species  is 
of  considerable  value.  The  elytral  declivity,  as  is  usual  in  the  scoly- 
tid  beetles,  bears  some  of  the  more  important  specific  and  second- 
ary sexual  characters. 

The  other  character-bearing  areas  of  the  elytra  are  the  lateral, 
median,  and  the  dorsal  toward  the  vertex  and  base. 

Vestiture. — The  elytra  are  more  or  less  distinctly  clothed  with 
short  or  long  hairs.  The  length,  size,  arrangement,  and  areas  occu- 
pied furnish  important  taxonomic  characters  in  distinguishing  the 
major  and  some  of  the  minor  divisions,  as  shown  in  the  synoptic 
table.  A  progressive  modification  in  vestiture  is  from  very  short 
hairs  over  the  entire  surface  to  longer  hairs  and  sparsely  arranged 
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bristles  toward  the  vertex  of  the  declivity  and  on  the  declivity 
itself,  or  to  fine  and  coarse  long  hairs  over  the  entire  surface. 

Lateral  fold  or  costal  groove  (fig.  31,  n,  o). — In  the  costal  edge  of 
the  elytron,  from  near  the  base  to  the  median  section,  there  is  a 
lateral  or  costal  groove  for  the  reception,  when  the  elytra  is  closed, 
of  the  corresponding  produced  and  acute  dorsal  edge  of  the  epi- 
sternum.  There  is  also  a  deeper  and  broader  groove  in  the  median 
section  of  the  costal  area,  for  the  reception  of  the  produced  dorsal 
edges  of  hypopleurites  3  and  4.  According  to  LeConte  and  other 
writers,  this  lateral  groove  is  an  important  subordinal  character. 

Sutural  tongue  and  groove  (fig.  33,  a-f). — In  the  sutural  edge  of  the 
left  elytron  there  is  a  deep  lateral  groove  and  produced  ventral  edge 
for  the  reception  of  the  corresponding  produced  lateral  edge  or 
tongue  of  the  right  elytron,  thus  forming  a  tongue  and  groove  suture. 
Toward  the  apex  both  the  ventral  edge  of  the  left  and  the  tongue  of 
the  right  are  dilated  to  facilitate  the  locking  of  the  elytra  when  they 
are  closed. 

Stridulating  accessories. — In  the  male  there  is  a  transversely  and 
microscopically  sulcated  area  on  the  ventral  surface  toward  the 
suture  and  apex  of  each  elytron  (fig.  33).  When  the  elytra  are  closed 
this  forms  a  continuous  filelike  surface  situated  directly  above  the 
stridulating  scraper  of  the  seventh  abdominal  tergite  or  propygid- 
ium.  A  peculiar,  independent,  upward  and  backward  motion  of 
the  propygidium  brings  the  scraper  in  contact  with  the  file,  and 
thus  produces  a  peculiar  chirping  sound  which  is  quite  audible  to  the 
human  ear. 

The  exact  location  of  the  organs  of  hearing  in  these  beetles  has 
not  been  determined. 

Basal  and  pleural  elements. — The  basal  process,  or  articulatory  arm 
(fig.  32)  of  the  elytron  appears  to  represent  the  fused  heads  of  the 
costa,  subcosta,  and  radial  veins.  The  usual  scapular,  subscapular, 
flexor,  and  medial  plates  are  quite  definitely  represented,  and  occupy 
the  same  relative  positions  as  in  the  metathoracic  wing.  The  pleural 
clavicula  are  represented  in  the  mesothorax  by  the  clavicle  and  cora- 
coidal  processes,  which  are  fused  beneath  the  anterior  dorsal  angle 
of  the  episternum  to  form  the  condyles  (fig.  19).  The  clavicle  disk 
is  not  represented,  unless  it  is  by  a  narrow  free  piece  attached  to  the 
costal  angle  of  the  elytral  process,  and  represents  the  parapterum  or 
extensor  plate,  to  which  the  extensor  muscle  is  attached. 

INTERNAL  ANATOMY. 

While  some  study  has  been  made  of  the  internal  anatomy  of  these 
beetles  it  has  not  been  sufficient  to  warrant  a  detailed  discussion  in 
this  connection. 
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DIGESTIVE    SYSTEM. 


•     The  general  character  of  the  digestive  system  is  shown  in  figure 

35,  and  no  further  explanation  is  necessary  in  this  connection  than 

that  given  in  the  legend  under  figures  35  and  36.     In  figure  36  some 

of  the  details  of  the  internal  anatomy  of  the  fore  intestine  are  shown, 

and  especially  the  structures   and 

elements  of  the  proventriculus  and 

hypopharynx. 

SECONDARY  SEXUAL  CHAZLAC- 


While  there  are  certain  clearly 
denned  secondary  sexual  characters 
in  these  beetles,  they  have  not  been 
recognized  by  other  writers,  and 
they  were  not  found  by  the  present 
writer  until  after  much  detailed 
study  of  the  genua.  When  they 
were  determined  it  was  surprising 
how.  such  prominent  characters 
could  have  been  overlooked.  Thus 
we  have  another  example  of  how 
thoroughly  familiar  one  must  be 
with  a  given  group  in  order  to  rec- 
ognize and  properly  interpret  the 
significance  of  characters  in  struc- 
ture, sculpture,  vestiture,  etc.  In 
the  first  subdivision  of  the  genus 
the  females  are  distinguished  by  a 
transverse  ridge  across  the  anterior 
area  of  the  pronotum,  while  the 
males  are  distinguished  by  the  ab- 
sence of  this  ridge  and  by  more 
prominent  frontal  tubercles  which 
are  separated  by  a  deeper  frontal 
groove. 

In  the  second  subdivision  the 
females  are  distinguished  by  the 
smoother  and  more  shining  elytral 
declivity.  In  the  third  subdivision 
the  females  have  the  elytral  declivity  distinctly  more  rugose,  while 
that  of  the  males  is  smooth  and  shining.  Thus  we  have  a  reversal 
of  the  secondary  sexual  characters  within  the  same  genua,  which  is 
an  unusual  occurrence. 


Fir..  ».—; Denirattonu*  ttlem:  Digestive  organs 
ot  adult.  A.  roraliitesllnci  J9,  mid  intestine; 
C,  lilnii  intestine;  a,  anterior  section  ot  mid  in- 
testine; ft.  median  section  ol  mid  intestine;  c, 
posterior  section  of  mid  intestine;  it,  crccal 
glands:  r,  Ileum  or  small  intestine;  /,  base  of  i 
malplctiian  tubes:  (,  base  of  a  malnlghisn  tubes, 
{Orltfiiei.) 
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In  the  fourth  subdivision  the  sexes  are  more  difficult  to  recognize, 
but  the  males  are  distinguished  by  stouter,  more  opaque  mandibles, 
broader  front,  and  by  a  narrower  and  more  elongate  antennal  club. 
Whenever  there  is  doubt  as  to  the  sex  of  an  individual  it  can  be  settled 
by  examining  the  pygal  segments  for  the  characters  shown  in  figures 
23  and  24. 


mm 


hilKs:  a,  hypo  pharynx: 
'gin;  h.  hypoph&rynRc.iil 


Flo.  36.— DtniroOonui  valem:  Fore  Intestine,  showing  details.    A ,  Fore  JntesU 
ol  proven  triculus;  C.longUuriinalsBctlon  of  same;  D,  single  plate;  £\ teeth;  F, 

olaame;  (.anterior  condyles  of  same',  /,  hypopharyngeal  bracon;  j,  anterior  mi 
papllll.    (Original.; 

PTTPA. 

The  general  structure,  proportions,  and  anatomical  details  of  the 
Dendroctonus  pupa  are  shown  in  figures  37  and  38. 

Among  the  distinctive  generic  characters  are  the  large  prominent 
head  and  broad  pronotum,  while  among  the  divisional  and  specific 
characters  are  the  sculpture,  armatures,  etc.,  of  the  head,  pronotum, 
elytra,  and  abdominal  segments,  as  shown  in  the  figures  and  denned 
in  the  synoptic  tables  and  descriptions. 
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Head. — The  elements  of  the  adult  head  recognizable  in  the  young  pupa 
are  the  antennas,  mandibles,  maxillse,  labium,  and  what  appears  to 
be  a  well-developed  labrum,  which  extends  to  the  middle  of  the  man- 
dibles. Evidently,  however,  this  does  not  represent  the  labrum  or 
even  the  clypeus,  but  is  a  pad  to  accommodate  the  development  of 


-HTaom- 


the  long  epistomal  bristles.  The  frontal  spines  in  examples  repre- 
senting different  divisions  and  species  are  variable  in  size  and  position 
and  are  of  considerable  taxonomic  importance.  The  antennas  do  not 
extend  to  the  base  of  the  pronotum  or  scarcely  beyond  the  mouth 
parts,  and  the  club  does  not  extend  beyond  the  lateral  margins  of  the 
pronotum. 
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Prothorax — The  form  of  the  pronotum  corresponds  to  that  of  the 
adult  and  its  relative  proportions  are  of  some  value  in  distinguishing 
the  species.  The  number  and  position  of  the  frontal  spines  are 
fairly  constant  in  a  species,  although  they  vary  in  prominence  with 
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Fig. 38—Dendroctonu*  valena:  Abdomen  of  pupa, lateral  and  anal  aspects,  a,  Prescutal  lobe;  b, scutal 
lobe;  c,  scutellar  lobe;  d,  postscutcllar  area;  e,  supraanal  lobe;  /,  paranal  lobe;  g,  lnfraanal  lobe;  q,  pleural 
spines;  r,  caudal  spine  or  epipleural  spine  of  the  9th  segment;  «,  lateral  spines;  t,  dorsal  spines;  u,  anal 
opening;  10,  tenth  segment.    (Original.) 

the  age  of  the  individual,  as  do  other  spines  of  the  body,  being  much 
less  prominent  in  the  older  or  preimaginal  stage. 

Mesoihorax. — The    mesotergum    is    subrectangular    and    without 
special  characters,  except,  perhaps,  in  the  number  and  arrangement 
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of  the  spines.  The  median  process  of  the  scutellum  is  prominent  and 
the  posterior  or  scutellar  ridge  is  distinct.  The  base  of  the  elytra  is 
oblique  and  elevated,  and  its  integument  continuous  with  that  of  the 
tergum  and  scutellar  ridge.  The  sternum  is  situated  between  the 
mesocoxae  and  the  trochantins  of  the  prothoracic  leg.  , 

Metathorax. — The  metatergum  is  prominent  and  has  the  usual  dor- 
sal or  scutellar  groove.  The  transverse  posterior  or  scutellar  ridge  is 
distinct  and  joined  at  its  ends  with  the  basal  angle  of  the  wing  pads. 
Each  of  the  scutal  lobes  bears  a  pair  of  spines.  It  differs  from  the 
metatergum  of  the  adult  mainly  in  the  absence  of  the  prescutum  and 
postscutellum,  as  defined  by  external  elements. 

Abdominal  tergites  (fig.  38). — There  are  nine  tergites  visible  dor- 
sally  and  a  very  small  tenth  visible  ventrally.  Tergites  3  to  6  are 
armed  more  or  less  distinctly  with  dorsal,  lateral,  and  pleural  spines. 
The  dorsal  spines  are  located  each  side  of  a  narrow  dorsal  groove; 
the  pleural  spines  on  the  epipleura  posterior  to  the  spiracles,  and  the 
lateral  spines  are  situated  between  the  dorsal  and  pleural.  The  size 
of  the  pleural  spines  and  the  size  and  number  of  the  dorsal  and  lateral 
ones  are  quite  variable  and  of  considerable  importance  in  defining 
the  minor  divisions.  Tergites  7  and  8  are  usually  unarmed,  but,  as 
in  the  adults,  show  sexual  differences  in  their  relative  prominence; 
9  has  the  median  lobe  short,  but  the  pleurites  are  greatly  enlarged 
and  each  is  armed  with  a  prominent  caudal  spine. 

The  four  transverse  divisions  of  the  segments  are  quite  clearly  indi- 
cated in  tergites  1  to  6.  Tergites  7  and  8  show  two  divisions,  the  first 
representing  prescutal  and  the  second  the  scutal  and  scutellar  com- 
bined, while  tergites  9  and  10  are  undivided.  It  is  interesting  to 
note  that  the  dorsal  and  pleural  armatures  are  borne  by  what  is  evi- 
dently the  scutellar  division,  and  that  the  spiracles  are  in  the  prescutal 
division,  thus  indicating  that  the  prescutal  represents  the  first  pri- 
mary division  and  the  combined  scutal,  scutellar,  and  postscuteUar 
represent  the  second  primary  division. 

Abdominal  sternites. — There  are  eight  exposed  abdominal  sternites. 
These  are  sternites  3  to  10,  1  and  2  being  concealed  beneath  the 
metacoxae,  as  shown  in  figure  38. 

Abdominal  pleurites, — Epipleurites  and  hypopleurites  1  to  8  are 
clearly  defined  in  the  removed  abdomen  (fig.  38),  but  in  9  and  10  only 
the  epipleurites  are  represented,  as  indicated  by  the  pleural  suture. 
The  pleural  suture  is  distinct  to  the  ninth  segment,  where  it  joins  the 
lines  marking  the  dorsal  and  ventral  limits  of  the  pleural  division. 

Spiracles. — There  are  nine  spiracles  in  each  side  of  the  body,  one 
large  mesothoracic  spiracle  situated  between  the  posterior  lateral 
margin  of  the  prothorax  and  the  anterior  ventral  angle  of  the  elytral 
pad,  and  eight  abdominal  ones,  each  in  its  respective  epipleurite. 
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The  metathoracic  spiracle  is  not  represented.  Spiracles  3  to  8  are 
exposed  when  the  elytral  pad  is  in  normal  position,  but  spiracles  7 
and  8  are  very  small  and  obscure.  Thus  the  pupa  has  the  same 
number  of  spiracles  as  the  larva,  while  in  the  adult  there  is  an  addi- 
tional one,  although  that  of  the  eighth  abdominal  tergite  is  apparently 
rudimentary.  The  larva  has  one  thoracic  spiracle,  apparently  in  the 
prothoracic  segment.  The  pupa  has  one  in  the  mesothoracic,  and  the 
adult  has  one  in  the  mesothorax  and  one  in  the  metathorax. 

Legs. — The  front  and  middle  legs  are  exposed,  while  the  hind  legs 
are  partially  concealed  beneath  the  elytra  and  wing  pads.  The  front 
coxae  are  large  and  contiguous,  the  anterior  fourth  covered  by  the 
maxillae  and  labium,  and  the  posterior  margin  extends  over  the 
anterior  margin  of  the  mesosternum.  The  middle  coxae  are  partially 
hidden  by  the  apex  of  the  front  tibia  and  its  tarsus.  The  hind 
coxae  are  for  the  most  part  exposed,  and  distinctly  separated  by  an 
intercoxal  area.  The  positions  of  the  different  parts  of  the  legs  in 
their  relation  to  the  exposed  structures  are  shown  in  figure  37,  and 
are  of  considerable  taxonomic  importance.  The  apical  and  subapical 
spines  of  the  femora  are  also  of  considerable  importance  as  distinc- 
tive characters. 

LABVA. 

The  structure  and  general  characters  of  the  larva  are  shown  in 
figure  39.  It  is  of  the  subcylindrical,  wrinkled,  legless  type  common 
to  all  of  the  true  Rhynchophora,  and  also  has  the  form  of  mouth  parts 
characteristic  of  the  larvae  of  this  suborder.  There  are  three  thoracic 
and  ten  abdominal  segments,  the  tenth  being  represented  by  the 
anal  lobes.  The  four  longitudinal  divisions,  viz,  one  sternal,  two 
pleural,  and  one  tergal,  are  clearly  represented  in  all  of  the  segments. 
The  tergal  division  occupies  nearly  one-half  of  the  circumference, 
the  two  pleural  divisions  together  about  one-fourth,  and  the  sternal 
division  slightly  more  than  one-fourth.  The  head  is  much  narrower 
than  the  first  thoracic  segment  and  but  slightly  longer.  The  three 
thoracic  segments  together,  or  the  thorax,  is  about  one-third  as  long 
as  the  abdomen.  With  the  exceptions  of  the  scattering  hairs  on  the 
head  and  on  the  scutellar  lobes  of  the  thoracic  and  abdominal  seg- 
ments, the  body  is  without  distinguishing  vestiture. 

EXTERNAL   CHARACTERS. 

Head  (figs.  40,  41). — The  head  is  by  far  the  most  important  part  of 
the  body  as  a  bearer  of  taxonomic  characters  in  the  larva.  The  gen- 
eral structure  is  shown  in  figure  40,  and  the  anatomical  details  in 
figures  41  and  42.  All  of  the  primary  elements  of  the  adult  head  are 
represented,  but  they  are  much  more  simple  in  their  structural  details. 
The  more  striking  differences  in  the  larval  head  are  found  in  the 
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presence  of  clearly  defined  front,  clypeus,  and  labrum,  in  the  articu- 
lation of  the  mandibles,  and  in  their  rudimentary  hypostoma. 

Labrum  (figs.  40,  41). — The  labrum  is  prominent,  the  dorsal  area 
twice  as  broad  as  long,  about  one-third  narrower  than  the  clypeus, 
but  nearly  as  long,  with  the  apical  margin  broadly  rounded,  truncate 
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or  faintly  emarginate,  and  with  several  apical  papillae.  The  median 
dorsal  area  bears  several  long  hairs  and  two  slightly  elevated  dark  spots 
where  the  epipharyngeal  bracons  are  attached.  The  latter  somewhat 
resemble  the  mandibular  hooks  of  dipterous  larvae,  and  may  or  may 
not  represent  paired  elements  of  the  head  of  a  primitive  arthropod. 
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Whatever  their  origin  may  have  been,  the  present  function  is  to  sup- 
port the  epipharynwand  also  serve  as  chitinous  attachments  for  the 
depressor  muscles  of  the  labrum.  They  are  covered  by  the  epipharynx 
and  extend  down  and  back  to  the  oesophagus  and  to  a  point  beneath 
the  base  of  the  clypeal  area. 


.  of  cplpbaryn  geal 
attachment  of  labial  muscle; 
frontal  suture; 


Pig.  *).— DoufrocfontuMinu.' Hemd  of  larva.  A.  Transverse  section;  B,  oral  aspect;  C,  ventral  aspect;  D, 
longltuJlnaJ  section ;  £,  dorsal  aspect;  s,  muscles;  s,  submental  lobe;  c,  maxilla;  d,  condyle  of  dorsal  artleu- 
IbOJod  of  mandible;  (,pleurtBtoma;/,bypopbarjTigealbraeon;  j,  fossa  of  ventral  articulation  of  mandible; 
*,  mamillary  condyle;  J,  gularplatc;./,  maiiliary  foramen  ;JJ,  oral  foramen; " 
braconsOabral  hooks);  l.prtgenalarea;  m,  gularan^a;mI,RularapodGmp; 
o,  frontal  apodeme;  p,  Integumcn  tal  attachment;  q.  occipital  apodeme;  r 

t,  prescutal  lobe  of  mesothorocio  segment;  u,  BCuteUar  lobe  of  prothoracle  segment;  o,  prescutal 
hypopharyngeal  bracon;  i,  sternal  section  of  prothoracle  segment;  y,  atemellar  section  of  mesothoracic 
segment,  both  dlatortcd;  t,  apical  papllll.    (Original.) 

Clypeus. — The  so-called  clypeus  evidently  does  not  represent  an 
entirely  distinct  element,  but  a  produced  dilated  preepistomal  area 
or  extension  of  the  epistoma  proper.  In  Dendroctonus  larvae  it  is 
twice  as  broad  as  long  and  narrowed  toward  the  apical  margin, 
which  is  usually  slightly  emarginate.  The  basal  connection  with  the 
epistoma  is  continuous  and  rigid,  and  bears  two  widely  separated 
bristles  near  the  base.  The  sides  aro  rounded  to  a  rather  acute  im- 
pressed basal  angle  at  the  mandibular  condyle. 
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Epistoma. — The  epistoma  is  quite  clearly  defined  as  a  thickened 
transverse  area  between  the  clypeus  and  the  frontal  area.  It  does 
nut  extend  laterally  to  the  frontal  sutures,  but  the  ends,  where  they 
join  the  pleural  ridge  or  pleurostoma,  bear  the  condyles  for  the  dorsal 
articulation  of  the  mandibles.     As  in  the  adults,  this  area  is  quite  vari- 

iiiiil 

If  Pi 

mil! 

Mil*! 


is. 

a,"  3 

111 


III 

-  '3  - 


fi 

a  _  -.« 

£  lis 

{III 

til 


II' 


11*1 

Sli: 

iff  I 

■  jfi 


Hi 

il 

is! 

1*1 
In 
>f 

III 


Iff! 

=  3-1 
ft  sfii 

111] 


|il 


able  within  the  genus.  It  is  elevated  to  flat,  with  the  anterior  margin 
ranging  from  curved  to  nearly  straight  and  the  lateral  angles  elevated 
or  slightly  produced  so  as  to  form  the  rigid  support  for  the  dorsal 
condyles. 

flypostoma. — The  hypostoma  is  not  represented  by  an  exposed 
piece,  but  by  the  apodeme  which  forms  the  thickened  lateral  and  sub- 
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lateral  margins  of  the  maxillary  foramen.  The  anterior  end  supports 
the  fossa  (g)  of  the  ventral  articulation  for  the  mandible,  and  the 
ventral  end  supports  the  condyle  for  the  articulation  of  the  maxillary 
cardo.  It  is  connected  across  the  gular  space  by  the  entogular  plate. 
Pleurostoma  (fig.  40,  e). — The  pleurostoma  is  represented  by  the 
thickened  lateral  margin  of  the  oral  foramen.  The  dorsal  end  con- 
tributes to  the  rigid  support  of  the  dorsal  articulation  for  the  mandible 
and  the  ventral  end  to  that  of  the  ventral  articulation. 

Front — The  front  is  situated  posterior  to  the  epistoma  and  between 
two  oblique  sutures  which  converge  from  the  anterior  angles  to  the 
epicranial  suture.  The  median  area  is  quite  variable  within  the  genus. 
It  may  be  flat  and  smooth  to  elevated.  In  the  latter  case  it  may  be 
small,  smooth,  and  convex,  or  prominent,  transverse,  and  rugose. 

Epicranium. — The  epicranium  is  represented  by  the  dorsal  areas 
of  the  two  large  lobes  each  side  of  the  distinct  epicranial  suture  and 
frontal  area.  These  lobes  are  continuous  throughout  the  occipital 
and  genal  areas  and  accommodate  the  very  large  retractor  muscles 
of  the  mandible.  The  genal  areas  are  connected  by  the  broad  ento- 
gular plate. 

Occipital  foramen. — The  occipital  foramen  is  situated  in  the  pos- 
terior ventral  section  of  the  head  and  occupies  about  one-half  of  the 
ventral  area.  It  is  bounded  posteriorly  and  laterally  by  a  broad 
entoccipital  rim  and  anteriorly  by  a  subchitinous  rim.  The  occipital 
apodeme  arises  from  the  posterior  margin,  and  extends  anteriorly 
immediately  beneath  the  epicranial  suture. 

Entogular  plate  (fig.  40,  i). — The  entogular  plate  is  the  subchitinous 
plate  which  forms  the  entocranial  connection  between  the  genal  areas 
and  anteriorly  between  the  lateral  sections  of  the  hypostoma.  It  is 
covered  by  the  submental  lobe,  part  of  the  muscles  of  which  are  at- 
tached to  the  posterior  angles  and  posterior  margin. 

MaxiUse  (fig.  41). — The  maxillae  are  quite  simple  in  structural 
details.  The  cardo  is  present  and  distinct.  Its  basal  articulation 
and  attachment  are  by  ligaments  and  a  fossa  to  a  condyle  supported 
by  the  hypostomal  apodeme.  Its  anterior  attachment  to  the  stipes 
is  by  articulating  membrane.  The  median  section  is  not  divided  into 
stipes,  subgalea,  and  palpifer,  but  is  one  continuous  piece  with  the 
anterior  inner  angle  produced  into  a  lacinial  lobe  which  is  armed  with 
a  number  of  papillae  situated  on  a  membranous  integument.  The 
palpus  is  2-jointed  and  telescopic  as  usual.  The  relative  proportions, 
sculpture,  and  vestiture  are  shown  in  the  figure. 

Labium. — The  labium  of  the  larva  is  very  different  in  structure 
from  that  of  the  adult.  The  submentum  is  represented  by  a  lobe 
which  is  very  broad  and  differs  but  slightly  from  the  sternal  lobe  of 
the  prothoracic  segment  with  which  its  posterior  integument  is 
directly  connected.     The  lateral  integument  is  continuous  with  that 
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of  the  maxilla  and  the  anterior  angles  are  extended  forward  to  the 
base  of  the  palpi.  The  mentum  is  represented  by  the  median  tri- 
angular chitinous  plate,  the  posterior  section  of  which  is  produced 
and  narrowed,  and  the  anterior  median  section  is  produced  ante- 
riorly between  the  palpi  and  supports  the  ligula.  The  short,  conical, 
2-jointed  palpi  are  situated  on  the  anterior  angles  of  the  mentum 
and  are  scarcely  longer  than  the  simple  lobelike  ligula  which  bears  a 
few  simple  papillae. 

Hypopharynx  and  epipTiarynx. — The  position  and  character  of  these 
important  elements  of  the  oral  opening  are  shown  in  figures  40,  D, 
and  41,  B. 

Mandibles  (fig.  42). — The  mandibles  are  stout,  with  the  laterodorsal 
surface  rugose,  except  toward  the  apex,  which  is  produced  into  an 
apical  tooth;  the  inner  edge  toward  the  apex  is  provided  with  a  sub- 
apical  tooth  and  two  small  irregular  medial  teeth.  The  condyle  of 
the  ventral  angle  is  globular  and  fits  into  the  concave  fossa  (fig.  40,  g) 
of  the  hypostoma,  while  in  the  dorsal  articulation  the  fossa  is  borne 
by  the  mandible  agd  the  condyle  by  the  epistoma  (fig.  40,  d).  The 
small  extensor  muscle  is  attached  to  the  outer  basal  margin  midway 
between  the  condyles,  while  the  large  and  powerful  retractor  muscle 
is  attached  to  the  margin  of  the  more  produced  inner  angle,  thus 
giving  a  direct  lateral  motion  to  the  mandibles. 

Tergite8  (fig.  39). — The  dorsal  area  of  the  tergum  of  the  prothoracic 
segment  is  undivided,  but  evidently  represents  the  scutum  (e)  and 
scutellum  (/).  The  dorsal  area  of  the  mesothoracic  and  metathoracic 
segments  has  two  divisions.  The  anterior  division  evidently  repre- 
sents the  prescutal  lobe  (g).  There  is  evidence  of  a  scutal  lobe  (e)  on 
the  lateral  area  of  both  segments,  as  indicated  in  the  abdominal  ter- 
gites,  where  the  scutal  lobe  appears  between  the  anterior  and  the 
posterior  lobe.  Thus  the  latter  evidently  represents  the  scutellar 
division,  or  scutellar  lobe  (/). 

Sternites. — The  sternum  of  each  of  the  segments  has  three  sections, 
anterior,  median,  and  posterior,  or  sternal  (h),  sternellar  (i),  and  post- 
sternellar  (j).  In  the  thoracic  segments  the  sternal  is  the  larger  and 
projects  posteriorly  over  the  middle  of  the  sternellar  lobe,  which  is 
represented  by  a  coxal  lobe  each  side  of  the  sternal  section.  In 
some  of  the  species  these  lobes  have  a  median  chitinous  spot  or  foot 
callus  at  the  point  where  a  foot  occurs  in  the  legged  larvae  of  other 
Coleoptera.  The  abdominal  sternites  have  the  same  number  of  sec- 
tions, but  the  sternellar  section  fe  not  covered  by  the  sternal. 

Plewrites. — The  pleurum  of  each  segment  is  divided  longitudinally 
by  an  irregular  pleural  groove  or  suture  (w).  The  lobe  immediately 
below  the  groove  at  the  end  of  the  sternites  may  be  referred  to  as  the 
hypopleural  (Jc)  and  that  immediately  above  it  as  the  epipleural  (Z). 
The  hypopleura  of  the  thoracic  segments  represent  the  episternum, 
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and  the  epimerum  is  obscurely  represented  by  the  epipleura,  both 
of  which  are  but  little,  if  at  all,  different  from  those  of  the  abdomen. 
The  epipleural  lobe  of  the  prothoracic  segment  has  a  spiracle,  while 
those  of  the  mesothoracic  and  metathoracic  segments  are  without  a 
spiracle,  but  has  lateral  lobes  or  areas  for  the  embryonic  wing. 

Spiracles. — It  will  be  noted  in  figure  39  and  Plate  VIII  that  the 
prothoracic  segment  has  a  spiracle  situated  on  the  epipleurite  near 


Fig. 42.— Dendroetonus valeru:  Mandibles  of  larva.  A,  Latero-dorsal  aspect;  B,  dorsal  aspect;  C,  lateral 
aspect;  D,  apical  aspect;  a,  apical  tooth;  b,  subapical  tooth;  c,  median  tooth;  d,  molar  tooth;  e,  extensor 
tendon:/,  retractor  muscle  disk;  g,  retractor  muscle;  h,  extensor  muscle;  i,  dorsal  fossa;  j,  dorsal  condyle; 
k,  ventral  condyle;  /,  basal  ridge.    (Original.) 

the  epipleurite  of  the  mesothoracic  segment.  The  writer  is  not  cer- 
tain as  to  whether  or  not  this  really  belongs  to  the  prothoracic  seg- 
ment or,  as  in  the  abdomen,  to  the  anterior  or  prescutal  division  of 
the  mesothoracic  segment.  The  metathoracic  segment  is  plainly 
without  spiracles,  but  the  abdominal  segments  1  to  8,  inclusive,  have 
spiracles  which  are  more  or  less  distinct,  being  rather  obscure  in  the 
first  division  and  in  section  a3  (see  PL  I)  and  without  lateral  tuber- 
cles, while  in  section  a4  and  subdivision  D  both  the  spiracles  and 
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spiracular  tubercles  (Plate  VIII)  are  distinct.     The  ninth  segment  is 
without  spiracles. 

Chitinovs  plates. — In  some  species  (division  I)  there  are  no  distinct 
chitinous  plates  or  tubercles,  while  in  others,  section  a4  and  subdi- 
vision D,  they  are  present  and,  excepting  Dendroctonus  micans, 
become  more  distinct  toward  and  including  subdivision  D,  in  which 
the  dorsal  plates  of  the  eighth  and  ninth  abdominal  segments  are 
distinctly  armed. 

DIGESTIVE   SYSTEM. 

The  peculiar  characters  of  the  digestive  system  of  the  larva  are 
illustrated  in  figure  43,  showing,  at  right,  a  median  longitudinal  sec- 
tion through  the  body  from  the  oral  to  the  anal  opening.  In  every 
respect  the  anatomical  details  of  the  digestive  system  are  much  more 
simple  in  the  larva  than  in  the  adult.  The  same  primary  divisions 
of  fore,  middle,  and  hind  intestine  are  represented  and  there  is  the 
same  number  of  malpighian  tubes,  but  the  fore  intestine  is  very  simple 
as  compared  with  that  of  the  adult,  the  crop  and  proventriculus  being 
scarcely  different  in  general  details  from  the  oesophagus. 

EGGS. 

The  eggs  of  Deudroctonus  have  not  been  studied  in  detail,  but  they 
are  short,  oval  to  oblong-oval,  pearly  white  and  shining,  and  appar- 
ently without  distinctive  generic  or  specific  characters. 

PHYSIOLOGICAL   CHARACTERISTICS. 

In  addition  to  the  morphological  characters  which  serve  to  distin- 
guish the  genus,  there  are  certain  physiological  characteristics  pecul- 
iar to  the  species  of  the  genus  which  serve  as  additional  evidence  of 
distinction.  Indeed,  it  becomes  more  and  more  evident  that  a  cor- 
rect interpretation  of  natural  groups  of  individuals,  termed  species, 
and  natural  groups  of  species,  termed  genera,  must  be  based  not  alone 
on  a  common  plan  of  structure  or  similarity  in  one  or  more  anatomical 
elements,  but  that,  in  order  to  come  nearer  the  truth,  the  morpho- 
logic evidence  of  specific  distinction  must  be  supplemented  by  physio- 
logic and  bionomic  evidence.  Some  of  the  physiological  features 
common  to  the  species  of  this  genus,  and  more  or  less  peculiar  to  them, 
are  found  in  the  character  of  their  brood  galleries,  in  their  habit  of 
attacking  living  trees,  in  their  concentration  of  effort  to  overcome  the 
resistance  exerted  by  the  tree  attacked,  and  especially  by  their  ability 
to  manipulate  and  to  dispose  of  the  quantities  of  resin  which  flow 
into  their  burrows  in  the  living  bast  and  cambium;  lastly,  in  their  in- 
timate bionomic  relations  to  definite  genera  and  species  of  conifers.0 

«  See,  also,  physiological  characteristics  of  the  species,  as  given  in  the  forthcoming 
Bulletin  No.  83,  Part  I,  which  deals  with  the  bionomic  and  economic  features,  and 
other  characteristics  peculiar  to  the  major  and  minor  divisions  as  defined  in  the  syn- 
optic tables  of  galleries,  host  trees,  and  distribution  in  the  present  paper  (pp.  76-79). 
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SPECIFIC  DISTINCTIONS. 

In  the  literature  on  Scolytid®,  and,  for  that  matter,  on  almost  any 
group  of  insects  of  special  systematic  and  economic  importance,  there 
is  much  confusion,  due  to  different  interpretations  of  specific  distinc- 
tion. Some  authors  have  combined  many  described  species  into  one, 
while  others  have  recognized  many  distinct  forms  among  those  here- 
tofore included  in  one  species,  and  have  proposed  as  many  different 
names  for  them.  It  is  evident  that  whenever  " lumping' '  or  " split- 
ting" is  necessary  for  the  clear  definition  and  recognition  of  a  species 
it  should  be  done,  but  it  is  equally  evident  that  neither  should  be 
attempted  without  an  adequate  knowledge  of  at  least  the  genus  rep- 
resented, in  order  that  the  true  characters  of  specific  distinction  may 
be  recognized  from  those  which  serve  to  distinguish  the  genus  or  the 
major  and  minor  divisions  of  higher  rank  than  the  species. 

RANGE  OB  LIMITS  OF  SPECIFIC  VARIATION. 

The  determination  of  the  range  or  limits  of  variation  in  characters 
utilized  for  the  distinction  of  a  species  is  one  of  the  most  troublesome 
questions  with  which  the  systematist  has  to  deal.  With  one  or  a  few 
specimens  the  line  separating  one  recognized  species  from  another  may 
be  distinct  and  definite,  but  as  the  number  of  specimens  from  different 
localities  increases  the  line  of  distinction  from  allied  forms  often 
becomes  less  and  less  distinct  until  it  is  almost  or  quite  obscure. 
Here  is  where  expert  judgment,  based  on  experience  and  a  technical 
knowledge  of  the  special  group  involved,  is  required  in  order  to  decide 
whether  or  not  two  heretofore  recognized  and  closely  allied  species 
should  be  kept  separate  or  be  combined.  The  recognition  of  pre- 
vailing variants  or  constants,  or  of  forms  having  abnormal  or  normal 
morphologic  and  physiologic  characters,  is  of  special  importance  in 
this  connection,  as  is  also  the  recognition  of  the  disturbing  factor  of 
parallel  modification  in  characters  and  habits  among  species  of  the 
same  genus,  as  well  as  among  those  of  different  genera. 

If  the  variants  connecting  two  allied  groups  comprise  only  a  small 
percentage  of  the  individuals,  they  may  be  considered  as  departures 
from  the  constants  of  the  species  more  nearly  represented,  and  thus 
the  groups  so  slightly  connected  will  serve  the  purposes  and  require- 
ments of  species  and  neither  of  them  should,  in  the  writer's  opinion, 
be  designated  as  a  named  subspecies,  race,  or  variety;  but  if,  on  the 
other  hand,  the  connecting  variants  comprise  a  large  percentage  of 
individuals,  and  no  other  characters  sufficiently  distinct  and  constant 
can  be  found  by  which  individuals  may  be  readily  referred  to  one  or 
the  other  of  the  heretofore  recognized  species,  it  would  i&cUQ&te  that 
the  two  are  not  specifically  distinct, 
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PROGRESSIVE  MODIFICATIONS. 

The  writer  has  been  forcibly  impressed  with  the  prevailing  princi- 
ple of  progressive  modification  in  relative  proportions  in  form  and 
structural  details  in  scolytid  and  other  beetles.  Whenever  these 
modifications  in  relative  proportions  are  available  for  the  statistical 
method  of  analysis  it  is  often  possible  to  express  in  numbers  the  dif- 
ference between  species  and  to  indicate  clearly  the  lines  of  modification 
and  rates  of  departure  among  the  species  of  a  genus  or  larger  group. 

There  are  some  good  examples  of  this  principle  of  progressive  modi- 
fication in  the  genus  Dendroctonus,  which  is  manifested  not  alone  in 
the  adults,  but  in  the  pupae,  larvae,  and  character  of  work,  and  it  is 
most  interesting  and  significant  to  note  that  the  modifications  are  in 
the  same  general  direction  in  all  cases.  When  the  species  are  ar- 
ranged in  the  order  indicated  by  these  modifications  and  other  char- 
acters, the  species  of  the  first  division  to  the  last  of  those  of  the 
second  division  are  found  to  be  modified  from  small  to  larger  size, 
the  extremes  being  represented  by  D.  frontalis,  with  the  minimum 
length  of  2.5  mm.,  to  D.  valens,  with  the  maximum  length  of  9 
mm.  Naturally  we  find  the  same  rate  of  difference  in  size  of  the 
immature  stages  and  galleries.  This  same  tendency  toward  increased 
size  is  manifested  within  each  subdivision,  section,  or  minor  group  of 
allied  forms  and  appears  to  be  a  prevailing  principle  throughout  the 
Scolytidae,  and  thus  serves,  in  connection  with  other  lines  of  modifica- 
tion, as  one  of  the  first  guides  to  a  natural  arrangement  or  classifica- 
tion of  the  species.  In  Dendroctonus  the  progressive  modification  of 
characters  other  than  size  is  shown  or  indicated  as  follows: 

Progressive  Modification  op  Characters  in  the  Genus  Dendroctonus. 

adults. 

Primary  characters. 

Body  slender  to  stouter. 
Head  large  to  smaller. 
Prothorax  long  to  shorter. 

Pronotum  with  sides  nearly  parallel  to  distinctly  narrowed  or  constricted  anteriorly. 
Pronotum  as  broad  as  elytra  to  narrower. 

(A  mean  composite  ratio  of  the  above  gives  a  number  which  expresses  the  relative 
proportions  and  serves  as  a  species  index.) 
Front  grooved  and  tuberculate  to  convex  and  smooth. 
Elytra  without  long  hairs  to  long  hairs  over  entire  surface. 
Tibia  from  slender  to  broader  with  a  tendency  to  dilate  toward  the  apex. 
Funiculus  of  antenna  with  second  joint  long  to  shorter. 

Secondary  sexual  characters. 

Front  of  head  with  sexual  differences  to  similar  or  alike  in  both  sexes. 

Pronotum  with  sexual  differences  to  alike  in  both  sexes. 

Elytral  declivity  without  sexual  differences  to  distinct  differences. 

Declivity  rugosities  small  to  coarse,  smooth  in  female  to  coarse  in  male  or  reversed. 

Mandibles  alike  or  similar  in  both  sexes,  to  much  stouter  in  the  male. 
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PUPJB. 

Front  of  head  grooved  to  convex. 
Body  spines  small  to  coarse. 

LAJtViE. 

Body  simple,  without  chitinous  plates  or  hairs,  to  distinct  chitinous  plates  and  more 
prominent  hairs. 

Eighth  and  ninth  abdominal  segments  without  chitinous  plates  to  with  plates,  these 
last  unarmed  to  armed. 

Spiracles  simple  to  complex,  smooth  to  tuberculate. 

Epipleurites  without  tubercle,  to  prominent  tubercle. 

GALLERIES. 

Long  and  winding  to  short  and  straight. 

Eggs  isolated  to  grouped  and  massed. 

Larval  mines  hidden  to  exposed  and  short  to  long. 

HOSTS. 

From  one  genus  to  many  genera,  and  from  one  species  to  many  species. 
D.  brevicomis  is  found  in  pine  only,  while  D.  valens  infests  Pinns,  Pieea,  and  Larix; 
D.  simplex  infests  Larix  only,  and  D.  pseudol&ugas  infests  Pseudotsuga  and  Larix. 

DISTINCTION  OF  MAJOR  AND  MINOR  DIVISIONS  OF  THE  OENTJS. 

In  a  comparative  study  of  the  species  of  the  genus  to  determine 
their  relative  positions,  as  indicated  by  degrees  of  resemblance  or  dif- 
ference, they  are  found  to  fall  according  to  progressive  modification  of 
characters  into  major  and  minor  divisions,  which  may  be  designated  as 
divisions,  subdivisions,  sections,  subsections,  series,  and  subseries,  to 
the  smallest  practicable  minor  division  of  the  genus,  viz,  the  species. 

In  this  classification  of  the  genus  the  rank  of  a  primary  division  may 
be  that  of  the  subgenus  of  some  authors  and  the  lower  series  of  closely 
allied  species  may  be  recognized  by  some  systematists  as  occupying 
the  rank  of  subspecies,  races,  or  varieties;  but  the  writer  has  been 
guided  by  the  belief  that  the  principle  of  a  less  restricted  range  of 
generic  and  more  restricted  range  of  specific  distinction  will  contribute 
toward  a  more  correct  knowledge  of  the  forms  of  life  than  if  the 
reverse  principle  is  followed. 

The  classification  of  the  species  of  a  genus  into  major  and  minor 
divisions  is  necessarily  arbitrary,  and  is  subject  to  changes  as  may 
be  suggested  by  increased  knowledge  and  the  addition  of  species. 
To  a  more  limited  extent,  the  designation  of  a  species  is  arbitrary 
and  with  additional  material  and  information  is  subject  to  revision; 
but  since  the  species,  next  to  the  individual,  is  the  constant  or  unit 
of  classification  and  investigation,  it  should  represent  the  lowest  prac- 
tical division  of  a  genus  that  is  recognizable  from  a  description  of  a 
typical  form  or  by  comparison  with  the  type  on  which  the  description 
was  based. 
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PLAN  OF  SYNOPTIC  TREATMENT. 

The  plan  here  applied  for  the  classification  and  synoptic  treatment 
of  the  species  of  the  genus  is  one  which  appears  to  be  most  available 
and  practicable  for  the  clear  definition  of  the  progressive  modification 
of  taxonomic  characters  and  for  indicating  the  relative  systematic 
positions  and  limits  of  the  major  and  minor  divisions  and  the  species. 
It  is  not  radically  different  from  some  of  the  more  generally  adopted 
dichotomous  systems,  and  it  conforms  to  the  primary  objects  of  a 
synopsis  in  that  it  provides  (a)  for  a  direct  comparison  of  opposing 
characters,  (6)  for  a  direct  line  of  references  leading  down  to  the 
specific  characters,  or  vice  versa. 

With  this  method  of  indicating  the  supposed  natural  relation  of 
the  species,  the  described  characters  of  the  major  and  minor  divisions 
and  sections,  together  with  those  of  specific  distinction,  serve  as  a 
description  of  the  species.  Thus,  division  I,  subdivision  A,  section  a2, 
subsection  b2,  series  c2,  defines  the  characters  common  to  species 
6,  7,  and  8,  which  are  separated  by  their  respective  specific  char- 
acters. Some  additional  advantages  of  this  method  are  the  con- 
secutive arrangement  of  letters  and  figures  which  throughout  a  given 
table  are  not  duplicated.  The  Roman  numerals  indicate  at  once  the 
primary  divisions,  the  capital  letters  the  subdivisions,  and  the  com- 
bined small  letter  and  Arabic  numeral  the  sections,  subsections, 
series,  etc.,  to  any  desired  limit.  The  reference  from  right  margin 
to  center,  instead  of  to  left  margin,  is  also  an  advantage  in  defining 
the  limits  of  a  major  and  minor  division.  It  also  provides  for  full 
paragraphs,  thus  economizing  space  and  cost  of  printing. 

SYNOPSES  OF  MORPHOLOGICAL  AND  PHYSIOLOGICAL 

CHARACTERS. 

SYNOPSIS  OF  ADULT  CHARACTERS. 

Pronotum  somewhat  elongate  and  as  broad  as  elytra;  not  distinctly  narrowed  ante- 
riorly except  in  subdivision  B;  anterior  dorsal  half  of  elytra  without  long  hairs. 

Division  I,  pages  69,  81. 

Pronotum  stout;  usually  narrower  than  elytra,  and  distinctly  narrowed  and  constricted 
anteriorly;  anterior  dorsal  half  of  elytra  normally  with  long  hairs,  except  in  tere- 
brans   Division  II,  pages  71,116. 

DIVISION  I. 

Body  somewhat  slender  t  pronotum  but  slightly  narrowed  anteriorly;  elytral  declivity 
with  second  stria  straight,  second  interspace  not  distinctly  broader  or  narrowed 
toward  apex;  head  with  frontal  groove  and  tubercles  except  in  convexifrons. 

Subdivision  A,  pages  69, 81. 
Body  stout;  pronotum  distinctly  narrowed  and  constricted  anteriorly;  elytral  decliv- 
ity with  second  stria  curved,  second  interspace  broad  and  distinctly  narrowed 
toward  apex;  head  without  frontal  tubercles  or  groove. 

Subdivision  B,  pages  71, 105. 

Subdivision  A. 

Elytral  declivity  without  long  hairs Section  al,  page  70. 

Elytral  declivity  with  long  hairs Section  a2,  page  70. 
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Section  al. 

Length  3  to  5  mm.,  brownish  to  nearly  black;  elytral  rugosities  fine,  densely  placed, 
the  striae  obscure  and  but  slightly  or  not  at  all  impressed.  California,  Oregon, 
Washington,  and  Idaho,  in  Pinus 1.  brevicomis  Lee.,  page  81. 

Length  2.5  to  4.7  mm.,  brownish  to  black;  elytral  striae  moderately  to  distinctly 
impressed ;  in  terspacial  rugosities  moderately  coarse  and  obtuse  to  coarse  and  acute. 
Arizona,  New  Mexico,  southern  Colorado,  southern  Utah,  and  southern  California. 

2.  barberi  n.  sp.,  page  85. 

Section  a2. 

Head  without  frontal  tubercles  or  groove,  but  with  posterior  impression. 

Subsection  bl,  page  70. 

Head  with  more  or  less  prominent  frontal  tubercles  each  side  of  a  distinct  median 

groove Subsection  b2,  page  70. 

Subsection  bl. 

Length  4  to  6  mm.;  reddish-brown  to  black,  shining;  body  slender;  elytral  rugosities 
moderately  coarse  but  not  densely  placed,  except  toward  base,  the  striae  faintly 
impressed,  with  rather  coarse  indistinct  punctures;  pronotum  with  long,  erect 
hairs  on  the  entire  lateral  area;  declivity  shining.  Arizona,  New  Mexico,  south- 
ern Colorado,  and  southern  Utah,  in  Pinus 3.  convexifrons  n.  sp.,  page  87. 

Subsection  b2. 

Elytral  striae  distinctly  punctured Series  cl,  page  70. 

Elytral  striae  not  distinctly  punctured Series  c2,  page  70. 

Series  cl. 

Length  2.5  to  4  mm.;  brownish  to  black;  elytral  rugosities  obtuse,  moderately  coarse, 
not  very  densely  placed,  and  but  moderately  coarser  toward  the  base  and  vertex 
than  elsewhere;  pronotum  usually  with  a  few  long  hairs  on  the  anterior  section 
of  the  lateral  area.  Pennsylvania  to  Florida,  westward  to  Ohio  and  Texas,  in 
Pinus  and  Picea 4.  frontalis  Zimm.,  page  90. 

Length  4  to  5  mm.;  brownish  to  black;  elytral  rugosities  subacute,  moderately  coarse 
and  distinctly  coarser  toward  the  base  and  vertex;  pronotum  with  long  erect  hairs 
on  the  anterior  half  of  the  lateral  areas;  elytra  with  long  hairs  confined  to  declivity 
and  posterior  areas.     Central  Arizona,  in  Pinus 5.  arizonicus  n.  sp.,  page  95. 

Series  c2. 

Striae  distinctly  impressed. 

Length  3  to  4.5  mm.;  brownish  to  black;  elytral  rugosities  distinctly  coarser 
toward  the  base  and  vertex,  and  with  an  evident  row  of  acute  rugosities  on  the 
first  interspace;  pronotum  clothed  with  stout  reclining  hairs  and  the  entire 
lateral  area  with  long,  erect  hairs;  elytral  striae  moderately  distinct.     Southern 

Mexico,  in  Pinus 6.  mexicanus  Hopk.,  page  97. 

Striae  not  distinctly  impressed. 

length  5  to  6  mm.;  black;  elytral  rugosities  obtuse,  rather  densely  placed,  mod- 
erately coarse  toward  dorsal  suture,  fine  and  less  evident  toward  side;  striae 
obscure,  especially  on  the  side;  pronotum  distinctly  pubescent,  with  very  long 
erect  hairs  on  the  entire  lateral  area;  punctures  moderately  coarse.  Southern 
Mexico,  in  Pinus 7.  parallelocollis  Chap.,  page  99. 

Length  4  to  7.4  mm.;  black;  elytral  rugosities  rather  coarse  and  sparse;  the  striae 
toward  the  side  rather  distinct;  pronotum  moderately  pubescent,  with  long 
hairs  on  the  anterior  two-thirds  of  the  lateral  area;  punctures  usually  fine. 
Arizona,  New  Mexico,  southern  Colorado,  and  Utah,  in  Pinus. 

8.  approximate  Dietz,  page  101. 


THE  GENUS  DENDROCTONUS.  71 

Subdivision  B. 

Pronotum  with  deep  punctures. 

Length  3.7  to  6.4  mm.;  brownish  to  black;  elytra  with  striae  moderately  impressed, 
punctures  usually  small  or  moderately  coarse  and  distinct.  North  and  west  of 
northwestern  Colorado,  southward  to  Yosemite  National  Park,  California,  in 

Pinus 9.  monticolx  Hopk.,  page  105. 

Length  4.5  to  7  mm.;  black;  elytral  striae  distinctly  impressed,  punctures  dis- 
tinct and  coarse.  Black  Hills,  South  Dakota,  southward  through  Colorado 
and  southern  Utah,  into  New  Mexico  and  Arizona,  in  Pinus  and  Picea. 

10.  ponderosx  Hopk.,  page  109. 
Pronotum  with  small  shallow  punctures. 

Length  6  to  8  mm. ;  black;  punctures  of  elytral  stria?  distinct  throughout;  pronotum 
distinctly  shining.  Yosemite  National  Park,  California,  in  Pinus  jeffreyi  and 
P.  panderosa 11.  jeffreyi  n.  sp.,  page  114. 

DIVISION  II. 

Front  usually  with  posterior  impression;  pronotum  with  large  and  small  punctures 

intermixed Subdivision  C,  pages  71, 117. 

Front  without  posterior  impression;  pronotum  with  regular  punctures. 

Subdivision  D,  pages  72, 146. 

Subdivision  C. 

Elytral  declivity  with  striae  deeply  impressed;  epistomal  process  narrow,  flat,  with 
lateral  sections  nearly  parallel;  pronotum  with  punctures  moderately  regular, 

and  with  long  hairs  on  dorsal  and  lateral  areas Section  a3,  page  71. 

Elytral  declivity  with  striae  not  deeply  impressed;  epistomal  process  broad,  concave, 
and  the  lateral  sections  oblique;  punctures  of  pronotum  distinctly  irregular. 

Section  a4,  page  71. 
Section  aS. 

Pronotum  with  coarse  punctures. 

Length  3.5  to  5  mm.;  reddish  to  brown;  pronotum  with  short  dorsal  and  lateral 
hairs;  apex  of  epistomal  process  not  extending  beyond  the  anterior  frontal 
margin.    New  Brunswick  to  Michigan  and  West  Virginia,  in  Larix. 

12.  simplex  Lee.,  page  117. 
Pronotum  with^ne,  shallow  punctures. 

Length  4  to  7  mm.;  reddish  to  dark  brown;  pronotum  shining,  with  long  dorsal 
and  lateral  hairs;  apex  of  epistomal  process  usually  extending  beyond  the 
anterior  margin  of  epistoma.  British  Columbia  southward  to  Texas,  westward 
to  California,  in  Pseudotsuga  and  Larix 13.  pseudotsugx  Hopk.,  page  121. 

Section  a4. 

Posterior  half  of  proepisternal  area  not  distinctly  punctured.  Subsection  b3,  page  71. 
Posterior  half  of  proepisternal  area  distinctly  punctured Subsection  b4,  page  72. 

Subsection  b3. 

Length  4.7  to  6  mm.;  body  stout;  reddish  to  black;  elytral  striae  quite  distinctly  im- 
pressed toward  sides,  with  punctures  coarse  and  distinct;  interspaces  convex; 
rugosities  acute,  rather  closely  placed,  irregular.  New  Brunswick,  through 
Canada,  New  England,  and  Michigan,  in  Picea. . .  14.  piceaperda  Hopk.,  page  126. 

Length  5  to  7  mm.;  reddish  to  black,  shining;  punctures  of  prothorax  and  elytra 
coarser;  striae  of  lateral  area  not  distinctly  impressed,  the  interspaces  scarcely 
convex  or  rugose.  Idaho  and  Black  Hills,  South  Dakota,  to  New  Mexico  and 
westward  to  California,  in  Picea 15.  engelmanni  n.  sp.,  page  130. 
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Length  6  mm.;  elytra  reddish;  pronotum  darker;  elytral  striae  moderately  im- 
pressed, punctures  of  striae  of  dorsal  area  small,  obscure,  and  those  of  the  lateral 
area  moderately  coarse;  interspaces  flat,  with  rugosities  moderately  coarse,  obtuse, 
and  rather  densely  placed;  pronotum  with  punctures  more  regular  in  size  than 
usual.    Alaska 16.  borealis  n.  sp.,  page  133. 

Length  6  to  7  mm.;  black;  elytral  striae  but  faintly  impressed;  punctures  rather  coarse; 
interspaces  flat;  rugosities  moderately  coarse,  not  dense,  acute  toward  vertex: 
pronotum  with  fine  punctures,  moderately  dense,  coarser  toward  sides.  Pacific 
coast,  Oregon  to  Sitka,  in  Picea  sitchensis 17.  obesus  (Mann.),  page  135. 

Subsection  M. 

Striae  of  declivity  with  fine  punctures Series  c3,  page  72. 

Striae  of  declivity  with  coarse  punctures Series  c4,  page  72. 

Series  cS. 

Length  5  to  7.3  mm.;  elytra  red;  pronotum  brown  to  black;  body  rather  stout;  elytral 
striae  scarcely  impressed,  except  on  dorsal  area;  strial  punctures  moderately 
coarse;  rugosities  of  interspaces  moderately  coarse,  acute,  not  dense;  pronotal 
punctures  coarse,  deep,  moderately  dense;  elytral  declivity  with  interspaces 
moderately  punctured.    Lake  Superior,  in  Pinus  strobus. 

18.  rufipennis  (Kirby),  page  138. 

Length  5.4  to  6.5  mm.;  elytra  dark  reddish;  pronotum  dark;  body  somewhat  slender, 
as  compared  with  species  18;  elytral  striae  moderately  impressed;  punctures 
coarse,  shallow;  pronotal  punctures  coarse,  not  distinctly  irregular  and  mod- 
erately dense;  elytral  declivity  with  interspaces  finely  densely  produced. 
Yellowstone  National  Park  and  Keystone,  Wyoming;  Alberta,  and  British  Colum- 
bia, in  Pinus 19.  murrayanse  n.sp.,  page  140. 

Series  c4. 

Length  6.5  mm.;  brownish;  elytral  striae  impressed;  punctures  coarse,  interspaces 
narrow  and  moderately  coarse,  acute,  rugosities  coarser  toward  the  suture. 
New  York  to  West  Virginia,  in  Picea 20.  punctata*  Lee.,  page  142. 

Length  7  to  8  mm.;  brownish;  elytral  striae  not  impressed  on  dorsal  or  lateral  areas, 
punctures  moderately  coarse,  shallow;  interspaces  broad,  flat,  shining;  rugosities 
small,  obtuse,  sparse.    Europe,  etc.,  in  Picea,  Larix,?  and  Abies? 

21.  micans  (Kug.),  page  143. 

Subdivision  D. 

Pronotum  somewhat  elongate,  slightly  narrower  than  elytra,  moderately  constricted 
toward  head,  median  and  posterior  dorsal  areas  without  long  hairs,  but  hairs  pres- 
ent on  anterior  and  lateral  areas;  head  broad,  epistomal  process  usually  broad, 
concave,  with  sides  strongly  oblique;  elytral  rugosities  variable,  usually  coarse. 
Body  black. 
Length  5  to  8  mm.;  black;  epistomal  process  moderately  broad,  with  apical 
angles  usually  tuberculate;  pronotal  punctures  very  coarse,  regular,  moderately 
dense,  scarcely  decreasing  in  size  toward  base;  elytra  without  long  hairs  toward 
base.     Long  Island,  New  York,  south  to  Florida,  west  to  West  Virginia  and 

Texas,  in  Pinus 22.  terebrans  (Oliv.),  page  147. 

Body  reddish. 
Length  5.7  to  9  mm.;  reddish,  never  black;  epistomal  process  broad,  with  apical 
angles  obtuse,  never  tuberculate;  pronotum  with  punctures  smaller  and  denser 
toward  base;  elytra  with  long  hairs  toward  base.  Eastern  United  States  and 
Canada,  north  of  mountains  of  North  Carolina,  westward  to  Pacific  coast,  south 
from  British  Columbia  into  Mexico,  in  Pinus  and  Picea. 

23.  valens  Lee.,  page  151. 
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SYNOPSIS  OF  SECONDARY  SEXUAL  CHARACTERS. 

DIVISION  I. 

Females:  Anterior  pronotal  area  with  transverse  ridge Subdivision  A. 

Females:  Anterior  pronotal  area  without  transverse  ridge Subdivision  B. 

Subdivision  A. 

Females:  With  transverse  ridge  across  the  anterior  area;  elytral  declivity  slightly 

smoother,  more  shining,  and  less  rugose Species  1  to  8,  inclusive. 

Males:  Without  transverse  ridge  across  the  anterior  area,  but  with  broad  impression. 

Species  1  to  8,  inclusive. 

Subdivision  B. 

Females:  Elytral  declivity  with  interspaces  more  shining,  rugosities  less  prominent. 

Species  9  to  11,  inclusive. 
Males:  Elytral  declivity  with  interspaces  more  opaque,  rugosities  more  prominent. 

Species  9  to  11,  inclusive. 

DIVISION  II. 

Elytral  declivity  with  distinct  sexual  characters  in  both  sexes Subdivision  C. 

Elytral  declivity  without  distinct  sexual  characters  in  either  sex Subdivision  D. 

Subdivision  C. 

Females:  Interspaces   of   elytral    declivity    rugose.     Males:  Interspaces   of   elytral 

declivity  smooth. 
Striae  of  elytral  declivity  impressed;  interspaces  convex  in  both  sexes. 

Section  a3,  Species  12  and  13. 
Striae  of  elytral  declivity  not  impressed;  interspaces  flat Section  a4. 

Section  a4. 

Females:  Striae  of  elytral  declivity  slightly  impressed;  interspaces  subconvex. 

Species  14  to  21,  inclusive. 
Males:  Striae  of  elytral  declivity  not  impressed;  interspaces  flat. 

Species  14  to  17,  inclusive. 

Males:  Striae  of  elytral  declivity  slightly  impressed;  interspaces  subconvex,   but 

smoother  than  in  female Species  18  to  21,  inclusive. 

Subdivision  D. 

Females:  Head  with  front  moderately  broad;  mandibles  shining,  moderately  stout; 

antennal  club  broader Species  22  and  23. 

Males:  Head  with  front  broad;  mandibles  opaque,  stout;  antennal  club  narrow,  more 

elongate  and  less  compressed Species  22  and  23. 

SYNOPSIS  OF  PUPAL  CHARACTERS. 

Vertex  of  head  distinctly  to  faintly  grooved,  and  with  two  small  or  prominent  frontal 
spines  on  or  toward  the  vertex  each  side  of  groove Division  I. 

Vertex  of  head  Jointly  impressed,  flat  or  convex,  and  with  two  small,  widely  separated 
frontal  granules  toward  vertex Division  II. 

DIVISION  I. 

Frontal  spines  small;  elytral  pads  smooth;  abdominal  tergites  2  to  6  with  or  without 
small  pleural  spines Subdivision  A. 

Frontal  spines  large,  prominent;  elytral  pads  rugose;  abdominal  tergites  2  to  6  with 
prominent  pleural  spines Subdivision  B. 
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Subdivision  A. 

Anterior  and  middle  femora  smooth;  abdominal  tergites  3  to  6  with  small  pleural  spines; 

1  and  2  without  distinct  dorsal  and  lateral  spines.  Section  al,  Species  1,  2,  and  3. 

Anterior  and  middle  femora  with  small  apical  spines Section  a2. 

Section  ai. 

Abdominal  tergites  2  to  6  without  distinct  pleural  spines;  7  and  8  with  small  gran- 
ules   Species  4. 

Abdominal  tergites  2  to  6  with  small  pleural  spines  of  equal  size;  7  and  8  with  small 

granules Species  5. 

Abdominal  tergites  1  to  6  with  small  pleural  spines,  increasing  in  size;  7  and  8  smooth. 

Species  8. 
Subdivision  B. 

Apex  of  anterior  and  middle  femora  with  two  spines Species  9. 

Apex  of  anterior  and  middle  femora  with  one  spine;  abdominal  spines  and  elytral 

rugosities  coarser  than  in  species  9 i Species  10. 

Apex  of  anterior  and  middle  femora  with  two  spines;  abdominal  spines  apparently  less 

prominent  than  in  species  9  and  10 Species  11 . 

DIVISION  II. 

Vertex  of  head  fattened  or  faintly  impressed;  apex  of  front  and  middle  femora  smooth 
or  with  minute  granule;  abdominal  tergites  with  pleural  and  dorsal  spines  moder- 
ately prominent Subdivision  C. 

Vertex  of  head  convex;  front  and  middle  femora  each  with  a  minute  pi  la  ted,  subapical 
granule;  abdominal  tergites  with  less  distinct  pleural  and  dorsal  spines. 

Subdivision  D. 
Subdivision  C. 

Tergal  spines  of  abdomen  with  pale  or  white  tips;  segment  7  smooth Section  a3. 

Tergal  spines  of  abdomen  with  pale,  dark,  or  black  tips;  segment  7  with  a  few  setigerous 
granules Section  a4. 

Section  aS. 

Anterior  and  middle  femora  with  minute  apical  spines;  abdominal  tergites  2  to  6  with 
stout,  prominent  pleural  spines;  3  to  6  with  prominent  dorsal  spines.  Species  12. 

Anterior  and  middle  femora  without  apical  spines;  abdominal  tergites  2  to  6  with  mod- 
erately stout  pleural  spines,  and  3  to  6  with  small  dorsal  ones Species  13. 

Section  a4. 

Vertex  of  head  moderately  impressed;  anterior  and  middle  femora  without  apical  spines; 

abdominal  tergites  2  to  6  with  very  small  pleural  spines;  4  to  6  with  smaH  dorsal 

spines,  all  with  pale  tips Species  14. 

Vertex  of  head  distinctly  impressed;  abdominal  tergites  2  to  6  with  distinct  pleural 

Bpines,  and  3  to  6  with  distinct  dorsal  ones Species  15. 

Abdominal  tergites  2  to  6  with  very  small  pleural,  lateral,  and  dorsal  spines,  all  with 

dark  tips Species  17. 

Subdivision  D. 

Abdominal  tergites  1  to  6  with  moderately  small  pleural  spines,  2  to  6  with  small  dorsal 

and  lateral  ones,  all  with  pale  tips Species  22. 

Same  as  preceding,  except  spines  have  darker  to  black  tips Species  23. 
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SYNOPSIS  OF  LABVAL  CHARACTERS. 

Abdominal  tergites  8  and  9  without  dorsal  plates Division  I. 

Abdominal  tergites  8  and  9  with  dorsal  plates,  except  in  section  a3 Division  II. 

DIVISION  I. 

Front  with  or  without  median  convexity Subdivision  A. 

Front  with  transverse  elevation  slightly  more  prominent  toward  the  sutures. 

Subdivision  B. 
Subdivision  A. 

Front  without  median  convexity Section  al. 

Front  with  median  convexity Section  a2. 

'Section  al. 

Clypeus  with  apex  subacutely  emarginate Species  1 . 

Clypeus  with  apex  broadly  emarginate Species  2. 

Section  aJ. 

Prothoracic  lobes  without  foot  calli Subsection  bl. 

Prothoracic  lobes  with  distinct  foot  calli Subsection  b2. 

Subsection  bl. 

Front  smooth,  with  shining  convexity;  clypeus  with  apex  broadly  emarginate. 

Species  3. 
Subsection  b2. 

Front  smooth,  with  median  smooth  convexity;  clypeus  with  apex  deeply  emargi- 
nate   Species  4. 

Front  with  anterior  third  transversely  rugose  and  with  transverse  median  convexity, 
produced  toward  apex;  clypeus  with  apex  broadly  emarginate Species  5. 

Front  with  broad  convexity;  clypeus  with  apex  truncated Species  8. 

Subdivision  B. 

Front  of  head  with  posterior  apex  subacute;  frontal  elevation  moderately  stout  in  the 
middle;  clypeus  with  faint  median  tubercle  toward  the  base Species  9. 

Front  of  head  with  posterior  apex  subobtuse;  frontal  elevation  stout  slightly  posterior 
to  the  middle;  clypeus  with  a  faint  median  groove  and  elevation  toward  base. 

Species  10. 

Front  of  head  with  posterior  apex  subacute;  frontal  elevation  narrow,  situated  in  the 
middle,  not  more  distinctly  elevated  toward  suture;  clypeus  with  faint  median 
groove,  without  elevation Species  11. 

DIVISION  II. 

Abdominal  tergites  8  and  9  without  dorsal  plate,  or  with  unarmed  plates. 

Subdivision  C. 
Abdominal  tergites  8  and  9  with  armed  plates Subdivision  D. 

Subdivision  C. 

Abdominal  tergites  8  and  9  without  dorsal  plates Section  a3. 

Abdominal  tergites  8  and  9  with  dorsal  plates,  excepting  micans}  in  which  8  is  un- 
armed    Section  a4. 
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Section  aS. 

Front  with  indistinct  transverse  elevation;  clypeus  with  distinct  median  impression. 

Species  12. 
Front  with  distinct  transverse  elevation;  clypeus  with  median  impressed  line. 

Species  13. 
Section  a4. 

Abdominal  tergites  8  and  9  with  rugose  but  unarmed  plates;  front  with  faint  trans- 
verse elevation  anterior  to  middle;  clypeus  with  median  groove Species  14. 

Frontal  elevation  near  the  middle Species  15. 

Frontal  elevation  distinctly  anterior  to  middle Species  16. 

Front  with  lateral  impressions  toward  the  anterior  angles,  and  frontal  elevation  ante- 
rior to  middle Species  19. 

Abdominal  tergite  9  with  dorsal  plate;  frontal  elevation  anterior  to  middle;  clypeus 
with  median  groove Species  21. 

Subdivision  D. 

Abdominal  tergites  8  and  9  each  with  dorsal  plate  and  armed  with  three  permanent 
teeth;  front  of  head  without  elevation;  clypeus  with  faint  median  groove. 

Species  22  and  23. 

SYNOPSIS  OF  GALLERY  CHARACTERS. 

Egg  galleries  winding  to  straight;  eggs  isolated  or  in  approximate  groups,  but  never  in 

masses;  larval  mines  exposed  or  concealed  in  inner  bark Division  I. 

Egg  galleries  longitudinal,  straight  to  slightly  winding;  eggs  in  groups  or  masses;  larval 
mines  and  pupal  cells  exposed  in  inner  bark Division  1 1 . 

DIVISION  I. 

Pupal  cells  in  outer  bark;  eggs  isolated,  never  in  groups;  egg  galleries  winding:  larval 
mines  short,  narrow  to  broad,  exposed  or  concealed Subdivision  A . 

Pupal  cells  in  inner  bark;  eggs  in  approximate  groups;  egg  galleries  slightly  winding 
to  straight;  larval  mines  short,  broad,  always  exposed Subdivision  B. 

Subdivision  A. 

Larval  mines  concealed  in  inner  bark Section  al . 

Larval  mines  exposed  or  concealed Section  a2. 

Section  al. 

Egg  galleries  subtransverse,  winding Species  1. 

Egg  galleries  distinctly  transverse Species  2. 

Section  a2. 

Larval  mines  exposed. 

Egg  galleries  longitudinal,  winding Species  3. 

Egg  galleries  sublongitudinal,  winding Species  4. 

Larval  mines  concealed. 

Egg  galleries  evidently  transverse,  or  subtransverse,  winding,  with  concealed 
larval  mines Species  5. 

Egg  galleries  subtransverse,  winding Species  6. 

Egg  galleries  longitudinal,  winding,  with  transverse  branches. .  Species  7  and  8. 

Subdivision  B. 

Egg  galleries  winding  to  straight Species  9. 

Egg  galleries  usually  straight Species  10  and  11. 
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DIVISION  II. 

Larval  mines  separate,  especially  beyond  the  middle Subdivision  C. 

Larval  mines  contiguous,  forming  broad  larval  chamber Subdivision  D. 

Subdivision  C. 

Egg  galleries  slightly  winding  to  straight;  eggs  in  groups,  but  larval  mines  separate 
from  the  beginning Section  a3. 

Egg  galleries  broad,  nearly  straight;  eggs  in  small  to  large  groups,  the  larva'  mines 
usually  contiguous  toward  the  egg  gallery Section  a4. 

Section  aS. 

Larval  mines  normally  short  and  broad Species  12. 

Larval  mines  normally  long Species  13. 

Section  a4. 

Subsection  b3. 

Larval  mines  separated  beyond  the  middle Species  14,  15,  and  16. 

Subsection  b4. 

Larval  mines  usually  not  separated  beyond  the  middle,  but  forming  a  common  chamber. 

Species  19  to  21. 
Subdivision  D. 

Egg  galleries  broad  to  very  broad,  short  to  very  long,  straight  to  winding;  larval  mines 
forming  a  large  common  chamber Species  22  and  23. 

TABLE  OF  DISTRIBUTION." 
America,  north  of  Guatemala,  and  in  northern  Europe The  genus. 

DIVISION  I. 

Subdivision  A. 

North  American  continent,  in  South  Atlantic  and  Gulf  States  and  Southwestern 
States,  southward  to  Guatemala  and  northward  in  Sierra  Nevada  and  Cascade 
Mountains  to  British  Columbia Sections  al  and  a2. 

Section  al. 

West  of  western  Montana  and  southwestern  Idaho,  and  southward  to  Santa  Barbara 
County,  California Species  1,  page  81 . 

South  of  southern  Colorado  and  Utah,  into  Texas  and  Mexico,  and  westward  into 
southern  California,  and  possibly  in  the  Coast  Range  and  northward  along  the 
forested  foothills  into  northern  California Species  2,  page  85. 

Section  a2. 

Southern  Colorado  and  Utah,  southward  into  Mexico Species  3,  page  87. 

Atlantic  and  Gulf  States,  south  westward  into  Texas Species  4,  page  90. 

Central  to  southern  Arizona Species  5,  page  95. 

Southern  Mexico Species  6  and  7,  pages  97, 99. 

Central  Colorado  and  southern  Utah,  southward  to  southern  Arizona,  and  New  Mexico. 

Species  8,  page  101. 

a  For  exact  and  probable  distribution  see  maps  under  description  of  each  species. 
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Subdivision  B. 

West  of  western  Montana  and  southwestern  Idaho,  south  through  the  Sierra  Nevada 
Mountains  of  California Species  9,  page  105. 

Western  South  Dakota  and  southern  Wyoming,  southward  through  Utah,  Colorado, 
to  southern  Arizona  and  New  Mexico Species  10,  page  109. 

Northern  California,  southward  in  Sierra  Nevada,  into  San  Bernardino  County,  Cali- 
fornia   Species  11,  page  114. 

DIVISION  II. 

Subdivision  C. 

Maine  to  western  Michigan,  southward  into  northwestern  West  Virginia. 

Species  12,  page  117. 
Northern  Idaho  and  Montana,  south  to  southern  Arizona  and  New  Mexico,  and  north- 
ern Washington,  south  into  Santa  Barbara  County,  California.  Species  13,  page  121. 

Section  a4. 

Maine  to  northeastern  Minnesota,  southward  to  central  Pennsylvania. 

Species  14,  page  126. 
Northern  Idaho,  east  to  western  South  Dakota,  southward  to  southern  Arizona  and 

New  Mexico Species  15,  page  130. 

Alaska Species  16,  page  133. 

Alaska?,  along  the  coast  to  northwestern  California Species  17,  page  135. 

Lake  Superior  region Species  18,  page  138. 

Western  Montana  southeast  to  central  Colorado Species  19,  page  140. 

Highermountainsof  New  York, Pennsylvania,  and  WestVirginia.  Species  20,  page  142. 
Central  Europe  to  Denmark,  Russia,  and  eastward  into  Siberia.  Species  21,  page  143. 

Subdivision  D. 

Atlpntic  States  south  of  Massachusetts,  to  Tampa,  Florida,  westward  to  western  Weet 
Virginia  and  Texas Species  22,  page  147. 

Mountains  and  foothills  of  North  Carolina,  northward  into  Maine  and  northwestern 
Washington,  southward  into  Guatemala Species  23,  page  151 . 

Guatemala Species  24,  page  157. 

TABLE  SHOWING  RELATION  OF  SPECIES  TO  HOST  TREES. 

DIVISION  I. 

Section  al. 

Species    1.  Pinus  lambertiana,  ponderosa. 

Species    2.  Pinus  ponderosa  var.  scopulorum,  edulis;  Pseudotsuga  taxifolia. 

Section  a2. 

Species  3.  Pinus  scopulorum. 

Species  4.  Pinus  strobus,  tseda,  rigida,  rirginiana,  pungens,  echinata,  glabra,  palustris; 

Picea  rubcns  and  exceha. 

Species  5.  Pinus  scopulorum. 

Species  6.  Pinus  teocotl?,  lejophilla,  and  ayacahuite^ 

Species  7.  Same  as  6. 

Species  8.  Pinus  arizonicat  scopulorum.  and  chihuahuana. 

Subdivision  B. 

Species   9.  Pinus  monticola,  lambertiana,  ponderosa,  murrayana;  Picea  engelmanni. 
Species  10.  Pinus  ,flexilis  and  strobi/ormis. 
Species  11.  Pinus  lambertiana  and  ponderosa. 
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Species  12. 
Species  13. 
Species  14. 
Species  15. 
Species  16. 
Species  17. 

Species  18. 
Species  19. 
Species  20. 
Species  21. 


DIVISION  II. 

Section  aS. 

Larix  laricina. 

Larix  occiden talis;  Pseudotsuga  laxifolia  and  macrocarpa. 

Picea  mariana,  rubens,  canadensis. 

Picea  canadensis  and  engelmanni. 

Picea  canadensis. 

Picea  sitchensis. 

Subsection  b4. 

Pinus  strobus. 

Pinus  murrayana;  Picea  engelmanni. 

Picea  rubens. 

Pinus,  Picea,  Abies t,  Larix. 

Subdivision  D. 


Species  22.  Pinus  strobus,  tseda,  rigida,  serotina,  echinata,  palustris. 

Species  23.  Pinus  strobus,  monticola,  lambertiana,  strobiformis,  ponderosa,  scopulorum, 

jeffreyi,  chihuahuana,  murrayana,  radiata,  rigida,  virginiana;  Iaxtxx  luricina; 

Picea  rubens,  canadensis,  excelsa. 


TABLE  OF  HOST  TREES. 


Dendroctontu  spe- 
cies number. 

Pinus  strobus 4, 18, 22, 23. 

monticola 9, 23. 

lambertiana 1,9,11,23. 

flexilis 10. 

strobiformis 10, 23. 

edulis 2,23. 

arizonica 8,23. 

ponderosa 1, 9, 11, 23. 

scopulorum 2, 3, 5, 8, 10, 23. 

jeffreyi 11,23. 

chihuahuana 3, 8, 23. 

murrayana: 9, 10, 19, 23. 

radiata 23. 

tseda 4,22. 

rigida 4,22,23. 

serotina 22. 

virginiana 4,23. 

pungens 4. 


Dendroctonus  spe- 
.  cies  number. 


Pinus  echinata 4,22. 

glabra 4. 

palustris 4,22. 

sylvestris 23. 

teocotl 6,7. 

lejophilla 6, 7. 

ayacahuite 6,7. 

Larix  laricina 12, 23. 

occidentalis 13. 

Picmmariana 14. 

rubens 4,14,20,22,23. 

canadensis 14, 15, 16, 23. 

engelmanni 9, 10, 15, 19. 

sitchensis 17. 

excelsa 4,23. 

Pseudotsuga  taxifolia 2, 13. 

macrocarpa..  13. 


REVISION  AITD  SYSTEMATIC  NOTES,  WITH  DESCRIPTIONS  OF 

NEW  SPECIES. 

DISTINCTIVE  GENERIC  CHARACTERS. 

Adult  (figs.  1,  2,  3). — Antennal  funiculus  5-jointed;  club  broad, 
thickened  at  base,  compressed  toward  apex,  and  usually  with  4  dis- 
tinct segments;  the  sutures  curved  or  nearly  straight;  tarsi  with  joint 
3  bilobed;  tibia  with  inner  angle  produced  and  armed  with  a  single 
tooth;  outer  angle  oblique  and  armed  with  3  or  more  stout  teeth; 
distinct  dorsal  impression  toward  apex  for  the  retractile  tarsus. 
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Anterior  cbxss  approximate  or  subcontiguous.  Abdominal  sternites 
with  ends  of  sutures  4,  5,  and  6  strongly  recurved.  Body  cylindrical, 
subelongate  to  stout,  ranging  in  color  from  reddish  and  brown  to 
deep  black.  Head  prominent  and  large,  with  distinct  epistomal  proc- 
ess at  anterior  margin  of  front.  Eyes  transversely  placed  and 
oblong-oval  to  oblong-ovate.  Antennal  insertion  in  front  of  ventral 
end  of  eye.  Pronotum  with  sides  nearly  parallel  to  narrowed  and 
constricted  toward  head,  one-fourth  to  one-third  broader  than  long. 
Elytra  with  base  elevated  and  rugose,  remaining  surface  rugose,  with 
punctured  strisB  and  the  declivity  convex  to  subconvex. 

Pupa  (figs.  37, 38). — The  pupa  is  of  the  general  size  of  the  adult,  and 
is  distinguished  by  its  broad  prominent  head,  and  the  form  of  the  pro- 
thorax.  The  sculpture  and  armature  vary  with  the  age  of  the  specimen. 
In  the  preimaginal  stage  the  granules  and  spines  become  more  obscure. 

Larva  (text  fig.  39;  PI.  VTII). — The  body  of  a  matured  larva 
of  a  given  species  is  somewhat  longer  than  the  adult  or  pupa,  and 
is  cylindrical,  deeply  wrinkled,  legless,  and  with  a  few  long  hairs  on 
each  segment,  becoming  longer  on  the  posterior  ones.  The  head 
is  moderately  large,  shining,  yellowish,  and  with  a  few  hairs  on  the 
scutellar  lobes.  Front  distinct;  antennse  present,  but  obscure;  eye 
spots  not  present.  The  thoracic  segments  are  larger  and  more  prom- 
inent in  some  species  than  in  others.  Abdominal  segments  1  to  9  are 
of  about  equal  width  and  length;  10  is  represented  by  the  anal  lobe. 

Egg. — Short,  oval  to  oblong-oval,  pearly  white  and  shining,  and 
apparently  without  sculpture  and  specific  characters,  except  in  rela- 
tive size,  corresponding  with  the  size  of  adult  representatives  of  the 
species. 

Galleries. — The  primary  or  egg  galleries  are  excavated  in  the  inner 
bark  and  sometimes  mark  or  groove  the  wood  and  vary  in  their  course 
in  the  bark  of  the  tree  from  transverse  and  winding  to  longitudinal 
and  straight,  and  normally  are  of  the  single  unbranched  type. 

Distribution  (PL  II). — Eastern  continent:  Central  and  northern 
Europe,  from  Denmark  into  Siberia.  Western  continent :  Guatemala, 
northward  through  the  United  States  into  Alaska  and  Labrador. 

Host  trees. — Pinus,  Picea,  Pseudotsuga,  Larix,  and  Abies,  the  latter 
rarely,  if  at  all. 

BIBLIOGRAPHY  AND  SYNONYMY  OF  GENUS. 

Erichson,  1836,  pp.  52-53,  original  description,  to  include D.  micans  (Kug.)  (type),  D. 
terebrans  (Oliv.)  (cotype),  Myelophilus  piniperda  (L.),  Myelophilus  minor  (Hartig),  and 
Carphoborusminimxis (Fab.).  Eichhoff,  1864,  pp. 26-27,  PI.  I,  figs.  5, 6, 7,  tibia,  maxilla, 
labium,  revised  description  to  include  the  single  European  species,  D.  micans  (Kug.). 
Lacordaire,  1866,  pp.  360-361,  revision  to  include  D.  micans  (Kug.)  and  D.  terebrans 
(Oliv.).  Zimmerman,  1868,  pp.  148-149,  revision  to  include  Carphoborusbi/urcus  Eich., 
D.  terebrans  (Oliv.),  and  D.  frontalis  Zimm.  Le  Conte,  1868,  pp.  172-173,  revision  to 
include  D.  terebrans  Lac,  D.  obesus  (Mann.),  D.  rufipennis  (Kirby),  D.  punctatus  Lee., 


; 
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D.  simplex  Lee.,  D.  frontalis  Zimm.,  eliminating  Carphoborus  bifwrcus  Eichh.  Eich- 
hoff,  1881,  pp.  125,  brief  revision,  including  D.  micans  (Kug.).  Le  Conte  and  Horn, 
1883,  p.  523,  in  synoptic  table.  Dietz,  1890,  pp.  27-28,  revision  and  synopsis'  to 
include  D.  terebrans  (Oliv.),  D.  rufipennis  (Kirby),  D.  similis  Lee.,  D.  simplex  Lee., 
D.  approximate*  n.  sp.,  and  D.  frontalis;  revised  description  of  species,  with  syn- 
onymy, figs.  1-6,  epistomata  and  antennae.  Hopkins,  1894b,  p.  280,  author's  extra,  p.  7, 
sexual  characters  of  D.  terebrans  (Oliv.),  D.  frontalis  Zimm.  Bland  ford,  1897,  p.  143, 
synoptic  table.  Lovendal,  1898,  pp.  86-87,  PI.  II,  fig.  7,  antenna,  fig.  8,  tarsus. 
Hopkins,  1902a,  pp.  3-4,  secondary  sexual  characters,  statistics,  etc.  Hopkins,  1906b, 
pp.  143-147,  larval  mouthparte. 

DIVISION  I. 

The  distinctive  characters  common  to  the  species  of  the  first  division 
are  as  follows: 

Adult. — Prothorax  somewhat  elongate  and  as  broad  as  elytra; 
anterior  dorsal  half  of  elytra  without  long  erect  hairs. 

Pupa. — Vertex  of  head  distinctly  to  faintly  grooved,  and  with  two 
prominent  to  small  frontal  spines  or  granules  on  or  toward  the  vertex 
each  side  of  groove. 

Larva. — Abdominal  tergites  8  and  9  without  dorsal  plates. 

Galleries. — Egg  galleries  winding  to  straight;  the  eggs  isolated  or 
in  approximate  groups,  but  never  in  masses;  larval  mines  exposed 
or  concealed  in  inner  bark. 

Subdivision  A. 

(Species  numbers  1  to  8,  inclusive.) 

The  distinctive  characters  common  to  the  species  of  the  first  sub- 
division are  as  follows : 

Adult. — Body  somewhat  slender;  prothorax  with  sides  but  slightly 
narrowed  and  not  constricted  toward  the  head;  elytra  with  second 
stria  of  declivity  straight;  second  interspace  not  distinctly  broader 
in  middle: 

Sexes. — Female:  Pronotum  with  transverse  ridge  across  anterior 
area.  Male:  Pronotum  without  transverse  ridge,  but  usually  with 
anterior  area  broadly  impressed. 

Pupa. — Elytra  smooth;  vertex  of  head  faintly  grooved  and  with 
two  small,  widely  separated  frontal  tubercles. 

Larva. — Front  with  or  without  median  convexity. 

OaUeries. — Egg  galleries  winding;  larval  mines  exposed  or  con- 
cealed.    Pupal  cells  in  outer  bark;  eggs  isolated,  never  in  groups. 

1.    Dendroctonus  brevicomis  Le  Conte. 

(PI.  Ill,  flg.  l.) 

Adult. — Typical  female:  Length,  4.6  mm.;  light  brown.     Elytral 
declivity  without  long  hairs.     Head  with  front  convex,  slight  eleva- 
tions each  side  of  a  faint  median  groove.     Elytral  rugosities  fine, 
densely  placed;  striae  obscure  and  but  faintly  or  not  at  all  impressed. 
79980—09 7 
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Pronotum  with  a  few  reclining  long  hairs  on  the  anterior  half,  remain- 
ing areas  with  very  few  and  stout  pubescence.  Secondary  sexual 
characters:  Pronotum  with  transverse  ridge  extending  across  the 
anterior  area  to  near  the  sternum.  Elytral  declivity  moderately 
smooth  and  shining;  interspaces  finely  and  densely  punctured;  striae 
fine,  with  punctures  scarcely  visible. 

Typical  female  labeled  "type  of  revision/ '  name  label,  "Hopk. 
4/18/02/'  second  name  label,  "Hopk.  Jan  16/08,  Pinus  ponderosa, 
Hopkins,  collector,  3/24/99,  Grant's  Pass,  Or.,   ? ,  Hopk.  U.  S.  34." 


Fig.  44.— Dendroctonus  brevicomis:  Egg  galleries.    (Original.) 

Type  male  in  Le  Conte  collection,  labeled  "Cal.,"  examined  by 
writer. 

Typical  male:  Length  4.6  mm.  Agrees  with  female,  except  in  the 
more  prominent  frontal  tubercles  each  side  of  a  distinct  groove  and 
a  transverse  impression  instead  of  an  elevation  across  the  anterior 
area  of  the  pronotum,  and  the  elytral  declivity  slightly  less  shining. 

Typical  male  labeled  "type  of  drawing,"  name  label,  "Hopk. 
1/16/08,  Pinus  ponderosa,  Hopkins,  collector,  3/24/99,  Grant's  Pass, 
Or.,  $ ,  Hopk.  U.  S.  34." 
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Variations. — Length,  3  to  5  mm.;  color  light  brownish  to  nearly 
black;  punctures  of  pronotum  ranging  from  moderately  course  to 
very  line,  elytral  striae  not  at  all  impressed  in  some  examples,  in 
others  the  impression  and  punctures  more  distinct,  but  never  as 
distinct  as  in  the  majority  of  D.  barberi.  The  elytral  rugosities 
also  vary  from  very  fine  to  moderately  coarse.  The  front  varies 
greatly,  from  convex  without  tubercles  to  deeply  grooved  and  with 
prominent  tubercles.  The  epistomal  process  varies  from  the  nor- 
mal concave  form  with  angles  elevated  and  lateral  margins  strongly 
oblique  to  flat  with  rounded  upex  and  lateral  margin  euboblique. 

Distinctive  characters. — 
The  adults  of  this  species 
ure  at  once  distinguished 
from  its  nearest  ally,  D. 
barberi,  by  the  finer  rugo- 
sities of  the  elytral  inter- 
spaces and  the  much  less 
distinctly  impressed  strhc. 

llei-i-xUmal  notes. — The  < 
labeled  typo  in  the  Le 
Con  to  collection  agrees 
with  the  description,  ex- 
cept that  the  prothorax  is 
not  nearly  twice  as  broad 
as  long.  It  is  certainly 
distinct  from  J),  frontalis. 
The  specimens  in  the  Horn 
collection  under  D.  fron- 
talis that  evidently  repre- 
sent part  of  the  material 

1  ■    u      r\  T-\'  FrG-  ,S~ Oltiitatimm  brecicomii:   Dark  showing,  a,  pupal 

on    Winch     Doctor     JJietZ  rt|b;  t,,  sslt  burrow;  c,  pllcli  tubes.    (From  Webb.) 

bused  his  revision,  include 

one  specimen  of  D.  frontalis  labeled  with  red  disk,  one  speci- 
men of  D.  breiicomis  labeled  "Cal.,"  one  specimen  of  D.  barberi 
labeled  "Williams,  Ariz.  7.  28,"  one  specimen  of  D.  arizonicusil) 
"Williams,  Ariz.  7.  28,"  and  one  specimen  without  locality  label. 
One  specimen  was  also  received  from  Dietz,  under  D.  frontalis, 
labeled  "Arizona,"  which  proved  to  be  D.  barberi.  In  1898  D.  breii- 
comis Lee.  was  not  represented  in  the  U.  S.  National  Museum.  There- 
fore it  appears  that  up  to  1S99  there  were  only  two  specimens  of  the 
species  in  the  large  collections  of  the  country. 

Pupa. — In  addition  to  the  divisional  and  subdivisional  characters, 
the  pupie  range  in  length  about  the  same  as  adults;  the  apices  of  the 
front  and  middle  femora  are  smooth;  abdominal  tergites  3,  4,  5,  and 
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6  with  small  pleural  spines,  1  and  2  without  distinct  dorsal  and  lateral 
spines.     Pupal  type  labeled  "Hopk.  U.  S.  34." 

Larva  (PL  VIII,  fig.  1). — In  addition  to  the  divisional  and  subdivi- 
sional  characters  the  larvae  range  slightly  longer  than  the  pupae. 
Epistoma  distinctly  elevated.  Front  without  median  convexity; 
clypeus  with  apex  subacutely  emarginate;  thoracic  segments  with 
prominent  sternal  lobes;  the  sternellar  lobes  with  distinct  foot  calli; 
apex  of  abdomen  subtruncate.     Larval  type  labeled ' '  Hopk.  U.  S.  25a. ' ' 

Galleries  (figs.  44,  45). — Egg  galleries  subtransversely  winding; 
eggs  isolated;  larvae  concealed  in  inner  bark;  pupal  cells  in  outer  bark. 

Distribution  (fig.  46). — (Hopk.  U.  S.)  California:  McCloud,  Badger, 
Chester," Wawona, Sterling, Summerdale,  Yosemite, Ballard.    Montana: 
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Fig.  40.— Drndrocionus  brevkomis:  Distribution  map.    (Original.) 

Missoula.  Oregon:  Grants  Pass,  Joseph.  Washington:  Buckeye  (near 
Spokane),  Chelan.  Idaho:  Moscow,  Smiths  Ferry,  Centerville,  Stites, 
Kooskia  (Harris  Ridge),  Pioneer  (Grimes  Pass),  Garden  Valley, 
Placerville,  Cedar  Mountains,  Troy. 

Host  trees. — Pinus  ponderosa  and  P.  lambertiana. 

Identified  specimens. — Le  Conte,  1;  Horn,  1;  Hopk.  U.  S.,  several 
hundred,  including  all  stages  and  work. 

Bibliography  and  Synonymy. 

Dendroctonus  brevicomis  Le  Conte,  1876,  p.  386,  original  description,  synopsis, 
localities.  Packard,  1887,  p.  177,  Le  Conte  quoted.  Packard,  1890,  p.  722, 
I^e  Conte  quoted.  Hopkins,  1899a,  p.  395,  reference.  Hopkins,  1899b,  pp.  13, 
20,  26,  first  records  of  habits,  hosts,  etc.  Hopkins,  1901b,  p.  66,  habit?,  galleries, 
etc.    Hopkins,  1902a,  p.  3,  name  restored.    Hopkins,  1902c,  p.  21,  note.    Hop- 
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kins,  1903b,  p.  281,  mentioned.  Hopkins,  1904,  p.  18,  habits,  distribution,  etc. 
Webb,  1906,  bulletin,  Pis.  II,  III,  figs.  7-12,  stages  and  work  illustrated,  full 
account  of  habits,  life  history,  etc.    Hopkins,  1908,  pp.  162-163,  depredations. 

Dendroctonus  frontalis  (not  of  Zimm.)  Dietz,  1890,  p.  32  (in  part),  California. 

Dendroctonus  brevicornis  Dietz,  1890,  p.  32  (in  part),  California. 

2.    Dendroctonus  barberi  n.  sp. 

(PI.  Ill,  fig.  2.) 

Adult. — Type  of  species,  female:  Length,  4.5  mm.;  very  dark 
brown.  Elytra  and  elytral  declivity  without  long  hairs.  Head  with 
front  convex,  with  slight  elevation  each  side  of  a  faint  median  groove. 
Elytral  rugosities  moderately  coarse  and  dense;  striae  distinctly 
impressed.  Pronotum  with  a  few  long  hairs  on  the  anterior  half  of 
the  lateral  area,  the  remaining  area  with  very  fine  and  short  pubes- 
cence. The  secondary  sexual  characters  are  the  same  as  in  the 
preceding  species. 

Type  labeled  "Type  No.  7444,  U.S.N.M.,"  name  label,  "Hopk. 
1/15/08,  9  ,  individual  /,  Barber  &  Schwarz,  Collectors],  Williams,  Ar., 
7.6"  (  =  June7).  ' 

Male  type:  Length,  4  nun.  Front  with  prominent  tubercles  each 
side  of  a  distinct  groove.  Pronotum  without  transverse  ridge  across 
the  anterior  area,  but  with  a  broad  transverse  impression.  The 
elytral  declivity  shining,  with  strial  punctures  distinct  and  interspaces 
slightly  more  rugose  than  in  the  female. 

Male  type  labeled  "  $  type,"  otherwise  same  as  female,  except  type 
number. 

Variations. — Length  2.5  to  4.7  mm.,  color  from  brownish  to  black. 
The  frontal  and  prothoracic  variations  are  similar  to  those  of  D. 
brevicornis.  The  elytra  vary  from  rugosities  moderately  coarse  and 
obtuse  to  distinctly  coarse  and  acute,  and  striae  from  moderately  to 
very  distinctly  impressed,  and  the  punctures  from  obscure  to  distinct. 

Distinctive  characters. — The  adults  of  D.  barberi  are  at  once  distin- 
guished from  the  next  species  by  the  absence  of  long  hairs  on  the  ely- 
tral declivity,  and  from  D.  brevicornis ,  to  which  it  is  closely  allied,  by 
the  prevailing  coarser  rugosities  of  the  elytral  interspaces  and  the 
distinctly  impressed  striae.  Some  systematists  might  concede  these 
characters  of  no  more  than  subspecific  or  varietal  value,  but  it  must 
be  remembered  that  in  this  genus  there  is  a  close  general  resemblance 
of  allied  species  and  that  the  characters  which  in  other  genera  would 
be  of  special  value  in  specific  distinction  are  so  variable  and  incon- 
stant in  this  as  to  be  of  no  value.  Therefore  any  constant  or  prevail- 
ing character  of  distinction,  even  if  it  does  seem  insignificant,  is  of 
vastly  higher  value  than  would  otherwise  be  allowable,  especially 
when  it  is  supported  by  differences  in  physiological  characteristics. 
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Revisional  note. — This  species  is  not  represented  in  the  Le  Conte 
collection.  One  specimen  labeled  "Williams,  Ariz.,  7.28,  151,"  and 
one  without  label  found  in  the  Horn  collection,  both  under  D.  frontalis, 
and  one  specimen  labeled  "Ariz.,"  received  from  Doctor  Dietz  under 
D.  frontalis ,  all  belong  to  D.  barberi.  These  were  evidently  before 
Doctor  Dietz  when  he  prepared  his  revision  of  D.  frontalis,  ibid. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  apex  of  the  front  and  middle  femora  is  smooth ;  abdom- 
inal tergites  3  to  6  with  very  small  dorsal,  lateral,  and  pleural  spines; 
1  and  2  without  dorsal  or  lateral  spines;  3  to  6  with  minute  dorsal  and 
lateral  spines;  7  and  8  smooth,  and  9  with  small  pleural  spines.  Pupal 
type,  labeled  "Hopk.  U.  S.  5030"  (in  alcohol),  differs  from  pupa  of 
D.  brevicomis  in  the  absence  of  lateral  spines  on  abdominal  tergites 
3  and  4;  but  these,  with  other  pupal  characters,  are  so  variable  that 


Fig.  47.—Dcndroctonu8  barberi:  Egg  galleries.    (Original.) 

not  much  reliance  can  be  placed  on  any  of  them  to  separate  closely 
allied  species. 

Larva. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  clypeus  has  the  apex  broadly  emarginate  instead  of 
subacutely  emarginate,  as  in  I),  brevicomis.  It  also  differs  in  the 
more  rounded  apex  of  the  labrum  and  in  the  more  distinctly  rugose 
mandibles.  Larval  type  labeled  "Ilopk.  U.  S.  No.  5129"  (mounted 
and  alcoholic). 

Galleries  (fig.  47). — In  addition  to  the  divisional  and  subdivisional 
characters,  the  egg  galleries  are  usually  distinctly  transversely  wind- 
ing, thus  differing  from  D.  brevicomis;  otherwise  there  is  little 
difference. 

Distribution  (fig.  48). — (Ilopk.  IT.  S.)  Arizona:  Williams,  Flagstaff, 
San  Francisco  Mountains,  Grand  Canyon,  Walnut  Canyon,  Dead  Man's 
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Flat,  Show  Low,  Santa  Catalina  Mountains.  New  Mexico:  Vermejo, 
Santa  Fe,  Meeks,  Capitan  (Mountains),  Cloudcroft.  Texas:  Davis 
Mountains.  Colorado:  Fort  Garland  and  Monte  Vista.  Utah:  Esca- 
lante  and  Panguitch.  Additional  localities  from  other  collections. 
(H.  &  S.)  Chiricahua  Mountains,  Ariz. 

Host  trees. — Pinus  ponderosa  var.  scopulorum  (very  common),  P. 
edulis  (rare),  and  Pseudotsuga  taxifolia  (rare,  probably  abnormal). 

Identified  specimens. — Horn  collection,  2;  Dietz,  1;  U.  S.  N.  M., 
H.  &  S.,  2,  B.  &  S.,  62;  Ilopk.  U.  S.,  more  than  400,  including  all 
stages  and  work. 
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Fio.  48.— Dendroctonus  barberi'  Distribution  map.    (Original.) 

Bibliography  and  Synonymy. 

Dendroctonus  frontalis  (not  of  Zimm.)  Dietz,  1890,  p.  32  (in  part),  Arizona. 
Dendroctonus  arizonicus  Hopkins,  1902a,  p.  3  (in  part),  manuscript  name  only. 
Dendroctonus  n.  sp.  Hopkins,  1904,  pp.  42,  44,  habits,  host,  distribution,  etc. 
Dendroctonus  brevicomis  var.  barberi  Hopkins,  190Gb,  p.  147,  PI.  IV,  fig.  9,  anatomy 
of  larval  head,  manuscript  name. 

3.    Dendroctonus  convexifrons  n.  sp. 

(Pi.  in,  ng.  a.) 

Adult. — Type  of  species,  female:  Length,  6  mm.;  reddish-brown, 
shining.  Elytral  declivity  with  long  hairs.  Head  with  front  convex; 
without  median  frontal  groove  or  tubercles,  but  with  posterior  impres- 
sion. Elytral  rugosities  moderately  coarse,  but  not  densely  placed, 
except  toward  the  base;  striae  faintly  impressed  and  with  rather  coarse, 
indistinct  punctures.     Pronotum  with  long,  erect  hairs  on  the  entire 
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lateral  area,  the  remaining  area  with  short,  erect,  and  sparse  pubes- 
cence. Secondary  sexual  characters:  Pronotum  with  transverse 
ridge  across  the  anterior  area,  extending  to  the  sternum.  Elytral 
declivity  shining;  striae  very  slightly  impressed;  punctures  obscure; 
interspacial  granules  sparse  and  small,  but  distinct. 

Type  labeled  "Type  No.  7445  U.S.N.M.,"  name  label,  "Hopk. 
1/16/08,  Pinus  ponderosa,  Hopkins,  Coir.,  9/8/02,  Williams,  Ariz.,  9  , 
Hopk.  U.  S.  1109." 

Male  type :  Length,  5.6  mm.  Front  convex  and  with  faint  anterior 
and  posterior  impressions,  but  without  frontal  groove  or  tubercles. 
Pronotum  without  transverse  elevation.  Elytral  declivity  less  shin- 
ing; striae  more  impressed,  with  more  distinct  punctures  and  the  inter- 
spacial granules  distinctly  coarser  than  in  the  female. 

Male  type  labeled  "  $  type;"  otherwise  same  as  female,  except 
type  number. 

Variations. — The  length  varies  from  4  to  6  mm.,  with  the  average 
at  about  5.5  mm. ;  the  color  ranges  from  reddish  to  black,  with  red- 
dish-brown prevailing;  front  ranges  from  completely  convex  without 
median  impression  to  more  or  less  distinctly  impressed,  but  never 
with  frontal  tubercles.  The  punctures  of  the  pronotum  vary  as 
usual,  and  the  dorsal  area  ranges  from  the  absence  of  a  longitudinal 
median  space  or  line  to  a  distinct  elevated  line. 

Distinctive  characters. — The  adults  of  D.  convexifrons  are  at  once 
distinguished  from  D.  approximatus  by  the  more  slender  form  and 
sliining  appearance,  and  the  prevailing  convex  front  in  both  sexes, 
which  latter  character  also  distinguishes  small  examples  of  the  species 
from  large  examples  of  D.  arizonicus.  The  long  hairs  on  the  elytral 
declivity  render  it  absolutely  distinct  from  D.  barberi,  to  which  it 
appears  to  be  more  closely  allied  on  account  of  pupal  characters. 

Bevisional  notes. — This  species  is  not  represented  in  the  Le  Conte 
collection,  but  among  the  three  specimens  in  the  Horn  collection, 
under  D.  approximatus  Dietz,  there  was  one  labeled  "N.  M.,"  which 
certainly  must  be  referred  to  it. 

Pupa. — In  addition  to  the  divisional  and  subdivisional  characters, 
the  front  and  middle  femora  are  smooth  or  with  minute  apical 
granule;  abdominal  tergites  1  and  2  without  dorsal  spines  but  with 
one  or  two  lateral  granules;  2  to  6  with  very  small  lateral  spines,  and 
3  to  6  with  very  small  dorsal  and  lateral  spines,  becoming  more 
prominent  toward  the  sixth;  7  and  8  smooth  and  9  with  widely 
separated  caudal  spines.  Pupal  type  labeled  "Hopk.  U.  S.  No. 
5090." 

Larva. — In  addition  to  the  divisional  characters,  the  front  has  a 
median  smooth,  shining  convexity;  mandibles  distinctly  rugose  on 
lateral  area  toward  base ;  labrum  with  apex  broadly  rounded  and 
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clypeus  with  apex  broadly  emarginate.  Sternellar  lobes  of  thoracic 
segment  without  foot  calli.  Larval  type  labeled  "Hopk.  U.  S.  No. 
5078." 

Galleries  (fig.  49). — Egg  galleries  longitudinally  winding;  eggs 
isolated;  larval  mines  exposed  in  inner  bark;  pupal  cells  in  outer  bark. 

The  galleries  of  this  species  are  at  once  distinguished  from  those 
of  D.  barberi  and  D.  approximatus  by  the  exposed  larval  mines. 


Fig.  49.— Dendroctonwt  convczifrons:  Kgg  galleries  and  larval  mines.    (Original.) 

These  three  species  usually  infest  the  same  tree,  and  often  all  of 
their  galleries  are  represented  in  a  piece  of  bark. 

Distribidion  (fig.  50). — (Hopk.  U.  S.)  Arizona:  Williams,  Flagstaff, 
Show  Low,  Paradise,  Santa  Catalina  Mountains,  and  Chiricahua 
Mountains.  Colorado:  Las  Animas  County,  La  Veta,  Fort  Garland, 
and  Monte  Vista.     New  Mexico:    Cloudcroft,  Meeks,  Capitan,  Fort 
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Wingate  Military  Reservation,  Vermejo,  Lincoln  National  Forest, 
and  Sierra  Blanca  Mountains.  Utah:  Escalante,  La  Salle  National 
Forest,  and  Panguitch  Lake.  Additional  locality  from  other  collec- 
tions:  (B.  &  S.)  Las  Vegas,  N.  Mex. 

Host  trees. — Pinus  ponderosa  var.  scopulorum  (very  common) 
and  P.  chihuahuana  (rare). 

Identified  specimens. — Ilopk.  U.  S.,  more  than  100  specimens, 
including  all  stages  and  work;  Horn,  1  specimen  under  D.  approxi- 
matuSj  labeled  UN.  M.";  U.S.N.M.,  B.  &  S.,  7  specimens,  Las  Vegas, 
N.  Mex.,  17-8,  No.  164,  and  Williams,  Ariz.,  5-6,  5-7,  and  5-10. 


Bibliography. 

Dendroctonus  appro.iimatus  Dietz,  1890,   p.   31  (in   part),  New  Mexico. 
1902,  p.  32  (in  part). 
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Fig.  HO.— Dendroctonus  convriifroiut;  Distribution  map.    (Original.) 


4.    Dendroctonus  frontalis  Zimmerman. 


(PI.  Ill,  fig.  4.) 

Adult. — Typical  female:  Length,  3.6  mm.;  reddish-brown.  Ely- 
tral  declivity  with  long  hairs.  Front  with  a  moderately  prominent 
tubercle  each  side  of  a  distinct  median  groove.  Elytral  striae  dis- 
tinctly punctured;  interspaced  rugosities  moderately  coarse,  obtuse, 
not  veiy  densely  placed,  and  not  very  distinctly  coarser  toward  the 
base  and  vertex.  Pronotum  with  a  few  long  hairs  on  the  anterior 
section  of  the  lateral  area.  Secondary  sexual  characters:  Pronotum 
with  transverse  ridge  across  the  anterior  area,  the  elytral  declivity 
shining  and  with  finely  granulate  interspaces,  the  striae  distinctly 
impressed,  but  the  punctures  obscure. 
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Typical  female  labeled  "type  of  revision,  type  of  drawing,"  name 
label,  "Hopk.  4-18-02,  9 ,  II.  S.  58,  S.  C." 

Type  in  Le  Conto  collection  labeled  "Type  1,  D.  frontalis  (Fab.) 
Zimm.,"  red  disk  (=  Carolinas). 

Male  type:  Length,  3.5  mm.  Front  with  prominent  frontal 
tubercle  each  side  of  a  broad,  deep  frontal  groove.  Pronotum 
without  transverse  elevation  or  impression  across  the  anterior  area. 
Elytral  declivity  with  striae  more  impressed  and  the  interspacial 
granules  coarser  and  more  sparse  than  in  the  female. 


Fig.  51. — Dtndroctonus  frontalis:  Egg  galleries  and  larval  mines,  a,  Entrance;  6,  entrance  burrow;  c,  egg 
gallery;  d,  normal  larval  mine;  e ,  abnormal  larval  mine;/,  terminal;  gy  ventilating  burrows.    (Original.) 

Typical  male  labeled  with  name,  "Hopk.  1-16-08,  <?,U.S.N.M. 
37,  sp.,  N.  C." 

Variations. — The  length  varies  from  2.5  to  4  mm.,  with  the  average 
at  about  3.2  num.  The  color  ranges  from  light  brown  to  nearly  black; 
the  epistoma,  front,  prothoracic  punctures,  and  elytral  rugosities  vary 
as  usual.  The  anterior  area  of  the  pronotum,  which  is  glabrous  in 
the  typical  females  and  males,  usually  has  a  few  long  hairs. 

Distinctive  characters. — This  species  is  distinguished  from  D.  ari- 
zonicus,  its  nearest  ally,  by  its  smaller  size,  broader  pronotum,  with 
finer  punctures,  and  finer  and  less  acute  rugosities  of  the  elytra. 

Revisional  notes. — The  type  series  in  the  Le  Conte  collection  is  repre- 
sented by  three  specimens — one  labeled  "Type  1,  D.  frontalis  (Fab.) 
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Zimm.,"  red  disk  ( =  Carolinas) ,  which  should  stand  as  the  type,  and 
the  other  two  labeled  "Type  2"  and  "Type  3,"  same  locality. 
There  are  also  two  specimens,  one  labeled  "Specimen  4,  Lake  Supe- 
rior," and  the  other  labeled  "Specimen  5,  Va."  Both  of  these  agree 
with  the  West  Virginia  form.  In  addition,  there  are  three  specimens 
labeled  with  an  orange  disk  (  —  Georgia),  one  with  light  green  disk 
(-Middle  States),  all  of  which  were  doubtless  before  LeConte  when 
he  drew  up  his  revised  description. 

The  series  in  the  Horn  collection,  which  was  evidently  before  Doc- 
tor Dietz  when  he  drew  up  his  revised  description,  includes  but  one 


12.— Drltdrncta- 
frontalis:   Ter- 

Fro.  ea.-  'Dendrwxomur    fron- 
talis: Beginning  of  en;  galler- 

Pro.M.—Dettdrocutmt  frantaUt: 

Bork  showing,  a,  pitch  tubes;  b. 

itkin  of  egg  gnl- 
9.    (Original.) 

ies;  a.  In  living  bark;  b.  In 
dying  bark;    e,  marke.1   on 

d,  voi it.Hn (1ns  burrow;   r,  pupal 

airfare  ol  wood  (white  area 

iiiidi  of  woo-1  preserved  by 
n^lii).    (Original.) 

pells;  /,  eilt  burrows;  g.  Inner 
lurk;  It,  outer  bark.    (Original.) 

specimen  labeled  with  red  disk  (  =  Carolinas).  The  specimens  men- 
tioned, together  with  two  or  three  specimens  in  the  United  States 
National  Museum,  were  probably  all  that  were  in  the  larger  collec- 
tions of  the  country  up  to  1890. 

The  form  which  in  1S91  and  1892  extended  northward  from  the 
normal  range  of  the  species  into  Virginia  and  West  Virginia  is  repre- 
sented in  the  revision  series  by  specimens  labeled  "Hopk.  W.  Va.  9 
individual  1"  and  "Hopk.  W.  Va.  S  individual  1."  The  West  Vir- 
ginia female  differs  from  tho  typical  South  Carolina  female  in  a  more 
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rugose  front,  prothorax  slightly  narrow  in  front,  with  a  few  short  anil 
long  hairs  on  sides  and  the  punctures  of  anterior  dorsal  surface 
coarser  toward  base  and  fine  toward  anterior  margin;  elytral  rugosi- 
ties more  acute;  stria!  punctures  coarser  and  more  distinct;  elytra) 
declivity  with  longer  and  more  numerous  hairs.  The  West  Virginia 
male  differs  from  the  typical  North  Carolina  male  type  in  the  more 
shining  front,  with  punctures  more  distinct,  while  the  pronotum  and 
elytra  show  the  corresponding  differences  mentioned  under  the 
female  individual  1.    At  one  time  it  seemed  to  the  writer  that  this 


Fio.SS. — Dettiroaomuftonialii;  Old  egg  galleries 
In  living  tree,  with  surrounding  callus  ol  new 

wood.    (Original.)  wood  sli  years  before  block  was  cut 

from  tree,    a,  Mark  ol  gallery  on  orlgf- 

northem   form  Was  Worthy  of   Specific         ualsuriace;  &.rcslnoiiswood;c,surface 

distinction,  and  the  manuscript  name       rr"-ytor^an^ai1kverK'rTwoodtT 

of  D.  pinidda  was  proposed  for  it,  but         sin  sulsequeut  annual  layers  of  wood 

it  was  later  found  that  some  southern       ™  ov"  oriBiual  wound-  tortg|- 
examples  showed  the  same,  and  even 

greater,  variations  from  the  t3*pe.  Therefore,  since  the  species  had 
disappeared  from  its  northern  range,  it  was  decided  that  it  would  not 
be  advisable  to  recognize  it  as  specifically  distinct. 

Pupa. — In  addition  to  the  divisional  and  subdivisional  characters 
the  apices  of  the  front  and  middle  femora  are  armed  with  small 
apical  spines  or  granules.  Abdominal  tergites  1  to  6  without  pleural 
spines;  1,  2,  and  3  without  distinct  dorsal  and  lateral  spines;  4  to  6 
with  a  pair  of  dorsal  spines  and  one  or  two  lateral  ones;  7  and  8  with 
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a  few  dorsal  granules,  and  9  with  medium-sized  caudal  spines.  Pupal 
type  labeled  "Hopk.  U.  S.  No.  2968." 

Larva. — In  addition  to  the  divisional  characters,  the  front  has  a 
distinct,  median,  smooth,  shining  convexity  produced  toward  vertex; 
clypeus  short,  broad,  with  apex  deeply  emarginate;  pro  thoracic  seg- 
ments very  large  and  sternellar  lobes  with  distinct  foot  calli.  Apex 
of  abdomen  truncate.     Larval  type  labeled  "  Hopk.  W.  Va.  No.  5976. " 

The  frontal  convexity  is  more  rugose  in  some  specimens  than  in 
others. 

Galleries  (figs.  51-56). — Egg  galleries  sublongitudinal,  winding;  the 
eggs  isolated;  larval  mines  exposed;  pupal  cells  in  outer  bark. 

Distribution  (fig.  57). — (Hopk.  W.  Va.)  West  Virginia:  Hamp- 
shire, Monongalia,  Hardy,  Pendleton,  Randolph,  Pocahontas,  Tucker, 
Kanawha,  Raleigh,  Greenbrier,  and  Wood  counties.      Virginia:  Port 


Fig.  57.— Dendroctonus  frontalis;  Distribution  map.    (Original.) 

Republic.  Work  observed  in  southern  Pennsylvania,  Maryland,  and 
Virginia  (author).  (Hopk.  U.  S.)  Alabama:  Calhoun,  Montgomery. 
Arkansas:  Hampton.  Georgia:  Clyo,  Thomasvillc,  Demorest.  Louisi- 
ana: Singer,  Wilson.  Maryland:  Near  Cumberland.  North  Carolina: 
Try  on,  Pisgah  Ridge,  Fletchers,  Boardman,  Pink  Beds,  Biltmore. 
South  Carolina:  Chicora  (Pregnalls).  Tennessee:  Ducktown.  Texas: 
Call,  Deweyville,  Kirbyville,  Beaumont.  Virginia:  Green  Bay,  Glen 
Allen,  Auburn  Mills,  Virginia  Beach.  District  of  Columbia:  Washington. 
Additional  localities  represented  in  other  collections:  (Le  Conte)  Lake 
Superior,  Micliigan.  (There  may  have  been  some  mistake  in  regard  to 
the  labeling  of  this  specimen,  since  it  is  not  likely  the  species  will  ever 
be  found  that  far  north.)  (H.  &  S.)  Haw  Creek,  Florida;  Cobbs  Island, 
Virginia;  (A.  M.  N.  H.)  Black  Mountains  and  Mount  Graybeard, 
North  Carolina;  (Barber)  "western  Indian  territory'7  [Oklahoma]. 
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Host  trees. — Pinus  strobus,  P.  tseda,  P.  rigida,  P.  virginiana,  P.  pun- 
gens,  P.  echinata,  P.  glabra,  P.  palustris,  Picea  rubens,  and  P.  excelsa. 

Identified  specimens. — Le  Conte  collection,  9;  Horn,  1;  U.S.N.M., 
H.  &  S.,  5;  D.  A.,  7;  Barber,  2;  Hopk.  W.  Va.,  68;  Hopk.  U.  S.,  more 
than  150,  including  all  stages  and  work. 

Bibliography  and  Synonymy. 

Dendroctonus  frontalis  Zimmerman,  1868,  p.  149,  original  description,  type,  locality, 
Carolina.  Le  Conte,  1868,  p.  173,  synopsis  and  reference  to  p.  149.  Le  Conte, 
1876,  p.  386,  revision,  synopsis,  synonymy  excluded,  bibliography,  localities. 
Packard,  1887,  p.  177,  Le  Conte  quoted.  Packard,  1890,  p.  722,  Le  Conte  quoted. 
Dietz,  1890,  p.  32,  in  part,  fig.  6,  antenna  and  epistoma.  Hopkins,  1892a,  pp.  64-6*3, 
depredations  in  W.  Va.  Hopkins,  1892b,  p.  353,  importation  of  enemy.  Schauf  uss, 
1892,  p.  316,  introduction  of  enemy.  Hopkins,  1893a,  pp.  187-189,  habits,  etc. 
Hopkins,  1893b,  p.  143,  No.  77  and  index,  habits,  host,  distribution,  enemies. 
Hopkins,  1893c,  p.  213,  No.  301,  same  as  1893b.  Hopkins,  1893d,  pp.  123-129, 
habits  and  enemy.  Lintner,  1894,  p.  292,  reference  to  Hopkins.  Hopkins, 
1894a,  pp.  71-76,  same  as  Hopkins  1893d.  Hopkins,  1894c,  p.  348,  insects,  birds, 
and  forests.  Lintner,  1895,  same  as  1894.  Hopkins,  1896,  pp.  246-250,  disap- 
pearance in  W.  Va.,  occurrence  in  N.  C.  Hopkins,  1897a,  pp.  29-41,  importation 
and  distribution  of  enemy.  Hopkins,  1897b,  pp.  35-36,  enemy,  etc.  Hopkins, 
1897c,  pp.  79,  94,  95,  PI.  I,  dead  trees,  fig.  IV,  Clerus  forrrdcarius  L.,  discussion  of 
habits,  etc.,  pp.  147,  151,  reprint  from  1896.  Chittenden,  1897,  pp.  67,  75,  fig. 
43,  adult,  destructive  habits.  Schwarz,  1898,  p.  81,  habits  and  disappearance . 
Hopkins,  1898b,  pp.  104-105,  habits,  etc.  Hopkins,  1899a,  pp.  394-414,  etc.  (see 
index),  full  account,  all  stages  and  work  illustrated  and  described,  natural  ene- 
mies, hosts,  distribution,  bibliography,  etc.  Hopkins,  1899b,  pp.  11,  13,  14, 
reference  to  habits.  Hopkins,  1899c,  p.  343,  disappearance  in  W.  Va.  due  to  freez- 
ing. Chittenden,  1899,  pp.  55,  56,  fig.  5,  habits,  etc.  Ulke,  1902,  pp.  36,  56,  host, 
habits,  etc.,  in  D.  C.  Hopkins,  1903a,  p.  59,  occurrence  and  habits  in  southern 
States.  Hopkins,  1903b,  pp.  270,  275,  figs.  26,  27,  28-32,  stages  and  work,  with 
account  of  habits,  life  history,  etc.  Hopkins,  1904,  pp.  41,  42,  44,  PI.  I,  fig.  2, 
PI.  VII,  figs,  a,  6,  stages  and  work,  account  of  distribution,  habits,  etc.     Felt, 

1905,  p.  6,  reference.    Hopkins,  1906c,  p.  81,  mentioned  in  comparison.    Webb, 

1906,  pp.  20,  22,  mentioned.     Hopkins,  1908,  p.  163,  depredations. 
Bostrichus  frontalis  (not  of  Fab.)  Zimmerman,  1868,  p.  149,  synonymical  reference. 

Le  Qonte,  1868,  p.  173. 
Dendroctonus  pinicida  Hopkins,  1902a,  p.  3,  manuscript  name  only. 
Dendroctonus  frontalis  Zimm.  var.  destructor  Hopkins,  1902b,  p.  21,  note.     Hopkins, 

1902c,  p.  20,  habits,  etc. 
Dendroctonus  brevicornis  Dietz,  1890,  p.  32  (in  part). 

5.    Dendroctonus  arizonicus  n.  sp. 

(PI.  Ill,  fig.  5.) 

Adult. — Type  of  species,  female:  Length,  3.7  mm.,  dark  brown. 
Elytral  declivity  with  long  hairs  confined  to  declivity  and  posterior 
lateral  areas.  Head  with  front  convex,  shining,  and  with  distinct 
frontal  tubercle  each  side  of  a  broad  median  groove.  Elytral  striae 
distinctly  punctured;  the  interspaces  with  subacute,  moderately 
coarse  rugosities,  distinctly  coarser  toward  the  base  and  vertex. 
Pronotum  with  long  erect  hairs  on  the  anterior  half  of  the  lateral 
area.    Secondary  sexual  characters  same  as  in  D.  frontalis. 
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Type  labeled  "Type  No.  7446,  U.S.N.M.,"  name  label,  "Hopk. 
1/15/05,  ?,  Barber  &  Schwarz  Collectors],  Williams,  Ar.,  7.6" 
(  =  June  7). 

Male  type:  Length,  3.3  mm.  Front  with  prominent  tubercles  each 
side  of  a  deep  median  groove.  Pronotum  with  transverse  impression 
and  faint  transverse  elevation  across  anterior  area.  Elytral  declivity 
less  shining;  striae  more  distinctly  impressed  and  punctured  and  the 
interspaces  more  convex  and  distinctly  rugose  than  in  the  female. 

Male  type  labeled,  name  label,  "  Hopk.  Jan.  15/08,  Finns  ponderosa, 
Webb,  Collr.,  8-22-04,  Flagstaff,  Ariz.,  t ,  Hopk.U.  S.  No,  5118." 

Variations. — Length  3.5  to  3.9  mm.,  average  about  3.6  mm.;  color 
from  light  brown  to  black.  The  short  hairs  of  the  lateral  area 
of  the  elytra  range  from  obscure  to  distinct,  and  the  long  hairs  of 
the  elytral  declivity  range  from  short  and  sparse  to  very  long  and 
numerous.  The  variation  in  the  size  of  the  punctures  of  the  pronotum 
is  less  marked  than  in  other  species. 

Distinctive  characters. — The  coarse  punctures  of  the  pronotum,  and 
especially  the  very  coarse  shallow  rugose  ones,  together  with  the 
coarser  rugosities  of  the  elytra,  serve  to  distinguish  specimens  of 
this  species  from  D.  barberi,  and  the  absence  of  short  reclining  hairs 
on  the  pronotum  with  the  more  distinctly  impressed  elytral  striae 
and  less  evident  short  and  long  hairs  on  the  elytra  serve  to  distinguish 
it  from  D.  mexicanus,  which  is  its  nearest  ally.  It  is  also  distinguished 
from  D.  frontalis  by  its  larger  size,  coarser  punctures  of  the  pronotum, 
and  coarser  rugosities  of  the  elytra,  as  it  is  from  small  examples  of  D. 
convexifrons  by  the  grooved  front,  and  from  small  examples  of  D. 
approximatus  by  the  impressed  elytral  striae  and  the  shorter,  more 
yellow,  and  less  numerous  hairs  of  the  declivity. 

Revisional  notes. — This  species  is  not  represented  in  the  Le  Conte 
collection  and  not  in  the  Horn  collection  unless  it  is  one  specimen 
found  under  D.  frontalis  labeled  "Williams,  Ariz.,  7.28, 152,"  which 
the  writer  has  not  seen  since  D.  arizonicus  has  been  recognized  as  a 
distinct  species.  If  this  specimen  is  D.  arizonicus,  it  was  evidently 
before  Doctor  Dietz  when  he  prepared  his  revised  description  of  D. 
frontalis. 

Pupa. — In  addition  to  the  generic  and  divisional  characters,  the 
apices  of  the  front  and  middle  femora  have  each  a  small  spine.  Ab- 
dominal tergites  2  to  6  with  small  pleural  spines  and  4  to  6  with  small 
dorsal,  lateral,  and  pleural  spines,  increasing  in  size  toward  6;  7  and 
8  with  a  pair  of  dorsal  granules,  coarser  on  7.  Pupal  type  labeled 
"Hopk.  U.S.  No.  3129." 

Larva. — In  addition  to  the  divisional  characters,  the  front  has  a 
median  transverse  and  rugose  convexity  produced  toward  apex;  cly- 
peus  with  apex  broadly  emarginate;  labrum  broad,  with  apex  broadly 
rounded.  Thoracic  segments  with  foot  calli  on  sternellar  lobes. 
Larval  type  labeled  "Hopk.  U.  S.  No.  5156." 
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Galleries. — While  the  galleries  of  this  species  have  not  been  defi- 
nitely recognized  from  those  of  D.  barberi,  with  which  they  are  nearly 
always  present,  it  is  evident  that  they  are  quite  similar  in  general 
character  to  those  of  D.  barberi,  especially  in  the  concealed  larval 


mines. 

Distribution  (fig.  58). — (Ilopk.  U.  S.)  Arizona:  Williams,  Flag- 
staff, Santa  Catalina  Mountains  (rare). 

Host  tree. — Pinus  ponderosa  var.  scopulorum. 

Identified  specimens. — Horn  collection,  1  (?),  B.  &  S.,  2;  Ilopk. 
U.  S.,  more  than  50  specimens,  including  adults,  larvae,  and  pupae. 

Bibliography. 

Dendrodonus  arizonicus  Hopkins,  1902a,  p.  3  (in  part),  manuscript  name. 
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Fio.  58.— Dendrodonus  arizonicus:  Distribution  map.    (Original.) 

6.     Dendroctonufl  mexicanus  Hopkins. 

(PI.  Ill,  fig.  6.) 

Adult. — Type  of  species,  female:  Length,  4  mm.;  dark  brown. 
Elytra  with  long  hairs  on  posterior  half  and  declivity.  Head  with 
front  convex,  shining,  with  small  frontal  tubercles  each  side  of  the 
short,  shallow  groove;  elytral  striae  distinctly  impressed,  but  not  dis- 
tinctly punctured;  elytral  rugosities  distinctly  coarser  toward  the 
base  and  vertex,  and  with  an  evident  row  of  acute  rugosities  on  the 
first  interspace.  Pronotum  clothed  with  short  reclining  hairs  on 
entire  lateral  area.  Secondary  sexual  characters:  Pronotum  with 
transverse  ridge  across  the  anterior  area;  elytral  declivity  shining, 
striae  distinct,  obscurely  punctured;  interspaces  roughened  with 
sparsely  exposed  granules,  becoming  coarser  toward  the  vertex  in 
lateral  area. 

79980—09 8 
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Type  labeled  "Type  No.  7518,  U.S. N.M.,  individual  l,"name  label, 
"n.  sp.,  Hopk.,  4/18/02/'  name  label,  "1/15/08,  A.  L.  Herrera,  col- 
lector, 9  ,  Sacramento,  Amecameca,  Mexico." 

Male  type:  Length,  4  mm. ;  front  with  moderately  prominent  fron- 
tal tubercles  each  side  of  the  distinct  groove.  Pronotum  with  rather 
distinct  transverse  elevation  across  the  entire  area  similar  to  that  of 
the  female;  elytral  declivity  more  uniformly  convex;  striae  more 
impressed  and  deeply  punctured  and  interspaces  more  convex  and 
distinctly  rugose. 

Male  type  labeled  "Type  No.  7518,  U.S.N.M.,  individual  5,"  remain- 
ing labels  same  as  on  female  except  sex  label. 

Variations. — Length  from  3  to  4.5  mm.;  aveiv 
age  about  3.8  mm.;  color  from  brown  to  black. 
The  prescutal  ridge  is  more  prominent  in  some 
females  than  in  others  and  is  present  in  some 
males  and  absent  in  others. 

Distinctive  characters. — This  species  is  more 
closely  allied  to  D.  arizonicus  than  to  any  of  the 
other  species  of  the  division  to  which  it  belongs 
and  is  distinguished  from  it  by  the  presence  of 
short,  reclining  hairs  on  the  pronotum,  less  dis- 
tinctly impressed  elytral  striae,  and  more  evident 
short  pubescence  of  the  elytra. 

Revisional  notes. — It  is  evident  that  this  spe- 
cies was  not  represented  in  the  material  studied 
by  Blandford.  The  size  comes  near  that  of  his 
D.  adjunctus,  but  the  characters  as  given  by 
him  to  distinguish  this  species  from  D.  parallel' 
ocoUis  at  once  distinguish  it  from  D.  mexicanus. 
The  pupa  and  larva  have  not  been  seen. 
Gallery  (fig.  59). — A  small  section  of  the  gal- 
lery, evidently  of  this  species,  was  received  with  the  specimens  of 
adult  from  Prof.  A.  L.  Herrera.  This  indicates  a  winding  egg  gallery, 
with  the  eggs  isolated,  the  larval  mines  concealed  in  the  inner  bark, 
and  the  pupal  cells  in  the  outer  bark. 

Distribution  (fig.  60)  and  host  trees. — The  specimens  received  at  dif- 
ferent times  from  Prof.  A.  L.  Herrera  and  Dr.  S.  J.  Bonansea  were 
evidently  from  Pinus  teocotlf  P.  lejophilla,  and  P.  ayamhuite  in  Ame- 
cameca, Michoacan,  and  Tacubaya,  Mexico. 

Identified  specimens. — Thirty-six  specimens  of  adults  and  one  speci- 
men of  work  were  identified  for  Professor  Herrera  and  Doctor  Bonan- 
sea, a  set  of  which  were  returned  to  them  and  the  remainder  retained 
for  the  forest  insect  collection  of  the  Bureau  of  Entomology. 


Fig.  5Q.—Dendroctonus  mex- 
icanus:  Section  of  egg  gal- 
leries.   (Original.) 
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Dendroctonwt   mcxicanns   Hopkins,   1906c,  p.  80,  original   description,    both  sexes, 
host,  etc. 


Fig.  60.— Dcndroctonus  mrxicanus:  Distribution  map.    (Original.) 
7.    Dendroctonus  parallelocollis  Chapuis. 

(PI.  Ill,  fig.  7.) 

Adult. — Typical  female:  Length,  6.1  mm.,  deep  black;  elytral  decliv- 
ity with  long  hairs;  head  with  front  convex,  shining,  without  dis- 
tinct frontal  tubercles  each  side  of  the  shallow  median  groove;  elytral 
striae  not  impressed  or  distinctly  punctured  except  at  vertex;  elytral 
rugosities  obtuse,  rather  densely  placed,  moderately  coarse  toward 
suture,  fine  and  less  evident  toward  and  on  the  lateral  area;  striae 
obscure,  especially  on  the  lateral  area.  Pronotum  with  numerous 
short,  reclining  hairs  and  with  very  long,  erect  hairs  on  the  entire 
lateral  area,  punctures  distinct.  Secondary  sexual  characters:  Pro- 
notum with  transverse  ridge  across  the  anterior  area;  elytral  declivity 
subconvex,  shining;  striae  distinct,  slightly  impressed,  punctures 
rather  distinct;  interspaces  with  a  few  granules  and  sparse  punctures, 
the  lateral  areas  more  rugose  and  coarsely  punctured. 

Typical  female  labeled,  name  label,  "Hopk.,  January  16/08, 
Michoacan,  Mexico,  A.  L.  Herrera,  collector,  9  ,  Ilopk.  U.  S.  2896b. " 

Typical  male:  Length,  6  mm.  Head  with  front  convex  and  with 
prominent  frontal  tubercles  each  side  of  a  deep  groove.  Pronotum 
with   transverse  impression   across   anterior  area;  elytral  declivity 
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subconvex;  striae  distinct,  slightly  impressed,   and  the  interspaces 
more  distinctly  rugose  than  in  female. 

Typical  male  labeled,  name  label,  "Hopk.  1/16/08,  type  of  draw- 
ing, Pinu8,  Michoacan,  Mexico,  A.  L.  Herrera,  collector,  $ ,  Hopk. 
U.  S.  2896a/ ' 

Variations. — Length  from  5  to  6.1  mm.,  average  about  5.5  mm.; 
color,  dark  brown  to  black,  with  the  usual  variation  in  epistoma,  pro- 
notal  punctures,  pubescence,  and  median  line. 

Distinctive  characters. — This  species  is  distinguished  from  D. 
approximatus  by  the  noticeably  less  shining  and  more  pubescent  pro- 

notum,  the  deeper  punctures,  the 
noticeably  and  constantly  less  im- 
pressed elytral  striae,  and  the  less 
distinct  punctures. 

Revisional  notes. — Agrees  with 
original  description,  except  that 
the  specimens  before  the  writer  are 
smaller,  the  type  being  given  as  6$ 
mm.  The  median  line  is  flat  in  all 
but  one  specimen,  in  which  it  is  im- 
pressed toward  the  anterior  and 
posterior  margin.  In  Blandford's 
revision  the  length  of  the  type  is 
given  as  6.3  mm.  Blandford  states 
that  it  differs  from  D.  approxima- 
tes Dietz  by  its  smaller  size,  more 
elongate  shape,  more  shining  and 
strongly  punctured  prothorax,  and 
indistinct  elytral  striae.  The  last  dif- 
ference holds,  but  the  others  do  not. 
In  the  writer's  reference  to  this 
species  (1905a,  p.  81)  it  was  con- 
sidered to  be  the  same  as  D.  approximatus  Dietz,  but  I  am  now  con- 
vinced that  the  two  are  specifically  distiiict. 
The  pupae  and  larvae  have  not  been  observed. 
Galleries  (fig.  61). — A  short  section  of  the  egg  gallery,  from  which 
an  adult  was  taken,  indicates  that  it  is  quite  similar,  in  its  winding 
character  and  the  absence  of  exposed  larval  mines,  to  that  of  Z>. 
approximatus. 

Distribution  (fig.  62). — Recorded  from  Mexico  by  Chapuis  (1869) 
and  Blandford  (1897).  Specimens  were  received  with  D.  mexicanus 
from  Prof.  A.  L.  Herrera,  labeled  Mexico  and  Michoacan,  Mexico, 
with  his  statement  that  it  destroys  the  forests  of  Ionacatapec,  Morelos, 
and  many  regions  of  Mexico. 


Fig.  61.— Dendroctonus  paralklocoUis:  Section  of 
egg  gallery.    (Original.) 
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Host  trees. — According  to  evidence  from  correspondence  with 
Professor  Herrera,  it  would  appear  that  this  species,  like  D.  mexv- 
canus,  attacks  Pinus  teocoil  (?),  P.  lejophiUa}  and  P.  ayacahuite, 
although  there  is  no  definite  statement  to  that  effect.  It  is  quite 
evident,  however,  that  this  species  is  associated  with  D.  mexicanus 
in  the  same  manner  as  D.  approximatus  in  its  association  with  D. 
arizonicus  and  D.  barberi. 

Identified  specimens. — Ten  specimens  of  adults  and  one  specimen  of 
work  identified  for  Prof.  A.  L.  Herrera. 
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FiQ.G2.—DcndroctonusparalUlocoUU:  Distribution  map.     (Original.) 

Bibliography. 

Dendroctonus  parallelocollis  Chapuis,  1869,  p.  36,  original  description.  Chapuis, 
1873,  p.  244,  reprint.  Blandford,  1897,  p.  147,  synopsis,  revision,  distribution, 
bibliography.    Hopkins,  1906c,  p.  81,  systematic  notes. 

8.    Dendroctonus  approximatus  Dietz. 

(PI.  IV,  fig.  8.) 

Adult. — Typical  female:  Length,  6.5  mm.,  reddish  brown;  elytral 
declivity  with  long  hairs;  head  with  front  convex,  shining,  and  with 
obscure  frontal  tubercles  each  side  of  short,  median  groove;  elytral 
striae  not  impressed  or  distinctly  punctured;  elytral  rugosities  rather 
coarse,  sparse;  striae  on  lateral  area  rather  distinct;  pronotum  with 
long  hairs  on  anterior  two-thirds  of  lateral  area,  but  not  on  posterior 
section.  Secondary  sexual  characters:  Pronotum  with  transverse 
ridge  across  the  anterior  area;  elytral  declivity  subcon vex,  shining; 
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striae  very  distinct,  impressed,  and  distinctly  punctured;  interspaces 
sparsely  tuberculate,  and  with  a  few  fine  punctures;  lateral  area 
shining,  with  a  few  subacute  tubercles,  and  rather  coarse,  distinct 
punctures. 

Typical  female  labeled,  name  label,  "Hopk.  1/16/08,  ?  ,  individual 
c,  Barber  &  Schwarz,  Coll[ectors],  Flagstaff,  Ar.  2.7"  (  =  July  2). 

Type  of  species,  9 ,  in  Horn  collection,  A.E.S.,  Philadelphia, 
labeled  "Type  D.  approximate  n.  sp.,  Colorado]." 

Male  type:  Length,  5.7  mm.  Head 
with  front  convex,  shining,  a  prominent 
frontal  tubercle  each  side  of  a  deep 
groove.  Pronotum  with  broad  impres- 
sion across  the  anterior  area;  elytral  de- 
clivity same  as  female,  except  that  the 
interspaces  are  more  densely  rugose. 

Male  type  labeled,  name  label,  "Hopk. 
1/16/08,  $  type  of  revision,  type  of 
drawing,  Williams,  Ar.,  7.6"  (  =  June  7) 
"  $  ,  Barber  &  Schwarz,  Coll [ec tors]." 

Variations. — The  length  varies  from  4 
to  7.4  mm.,  the  average  about  6  mm. 
The  color  ranges  from  reddish-brown  to 
black.  The  epistomal,  frontal,  pronotal, 
and  elytral  sculpture  and  vestiture  vary 
as  usual.  The  greatest  variation  is  in 
the  strial  and  interspacial  punctures  of 
the  declivity. 

Distinctive  characters. — The  characters 
which  distinguish  this  species  from  D. 
parallelocollis,  its  nearest  ally,  are  the 
noticeably  more  shining  and  less  pubes- 
cent pronotum,  with  the  punctures  finer 
and  more  shallow,  the  elytral  striae  con- 
stantly more  impressed,  and  the  punc- 
tures distinct. 

Revisional  notes. — The  original  description  (Dietz,  1890,  p.  31),  was 
based  on  "four  specimens,  two  males  and  two  females,  from  New 
Mexico  and  Colorado  in  Doctor  Horn's  collection."  The  specimen 
labeled  type  in  the  Horn  collection  is  a  female  from  Colorado,  and 
agrees  with  the  description,  but  one  specimen  labeled  "N.  M."  is  a 
female  of  D.  eonvexifrons  Hopk.,  and  one  other  specimen  with  the 
type,  but  without  locality  label,  is  quite  a  different  thing  from  either 
of  the  other  two.  The  specimen  has  not  been  examined  since  the 
more  distinctive  characters  of  D.  monticolx  Hopk.  and  D.  ponderosse 
Hopk.  have  been  recognized,  but  it  evidently  belongs  to  one  of  these 
species.     The  fourth  specimen  mentioned  by  Dietz  was  not  in  the 


Fig.  f>3.— Dendroctonus  approximatus: 
Single  egg  gallery.    (Original.) 
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collection  when  examined  by  the  writer  on  January  12,  1900.  The 
reference  in  the  original  description  to  the  front  of  the  head  "  coarsely 
granulated,  channeled"  applies  to  the  type,  and  at  once  distinguishes 
it  from  the  other  two  specimens  which  are  without  a  median  frontal 
channel  or  groove.  The  "strong  transverse  impression  about  one- 
fourth  from  the  an- 
terior margin"  of 
the  prothorax  is  as- 
sociated with  the 
more  distinct  trans- 
verse  elevation 
which  the  author 
failed  to  mention. 
In  the  writer's  re- 
marks (Hopkins, 
1905,  p.  81)  under 
D.  paraUdocoUia  it 
is  stated  that  D. 
paraMelocoUisCh&p. 
and  D.  approxima- 
tes Dietz  are  evi- 
dently the  same, 
but  further  com- 
parative studies 
have  convinced 
him  that  they  are 
specifically  distinct. 

Pupa.— In  addi- 
tion to  the  generic, 
divisional,  and  sub- 
divisional  charac- 
ters, the  apex  of  the 
front  and  middle 
femora  have  each  a 
minute  subapical 
spine;  abdominal 
tergites  1  to  6  with 
small  pleu  ra  I  spines , 
1  without  distinct 
dorsal  and  lateral  spines;  2  to  6  witli  distinct  dorsal  anil  lateral 
spines,  increasing  in  length  and  prominence  to  and  including  tergite 
6;  7  and  8  smooth;  9  with  long  pleural  spine.  Pupal  type  labeled 
"Hopk.  U.  S.  No.  5777." 

Larva. — In  addition  to  generic  and  divisional  characters,  the  front 
has  a  broad,  but  not  prominent,  median  elevation;  clypeus  short, 
broad,  with  apex  truncate;  prothoracic  segments  with  prominent 


i  approrimaium;  F-ng  galleries.    (Original.) 


104 


I'HE  SCOLYTID  BEETLES. 


sternellar  lobes,  each  with  a  distinct  foot  callus.  Larval  type  labeled 
"Hopk.  U.  S.  No.  5024." 

Galleries  (figs.  63,  64). — Egg  galleries  sublongitudinal,  branched, 
slightly  winding;  eggs  isolated;  larval  mines  concealed;  pupal  cells  in 
outer  bark. 

Distribution  (fig.  65). — (Hopk.  U.  S.)  Colorado:  Brookville,  Glen 
Haven,  Las  Animas  County,  La  Veta,  Monte  Vista,  and  Palmer  Lake. 
Utah:  Escalante,  Kamas,  Panguitch.  New  Mexico:  Capitan  Moun- 
tains, Cloudcroft,  Lincoln  National  Forest,  Santa  Fe.  Arizona: 
Black  Mesa  Forest  Reserve,  Chiricahua  Mountains,  Flagstaff,  Para- 
dise, Rincon  Mountains,  Santa  Catalina  Mountains,  Show  Low, 
Tucson.     Additional  locality  from  correspondence:  Glenhaven,  Colo. 


Fio.  (m.—Dcndroctonu*  approximatus:  Distribution  map.    (Original.) 

Host  trees. — Pinus  ponderosa  scopukrum  (common),  P.  arizonica 
(rare),  and  P.  chihuahuana  (rare). 

Identified  specimens. — Horn,  A.  E.  S.,  1  specimen,  the  type; 
U.S.N.M.,  31;  Hopk.  U.  S.,  more  than  200  specimens,  including  all 
stages  and  work. 

Bibliography  and  Synonymy. 

Dendroctonus  approximatus  Dietz,  1890,  p.  31,  fig.  5,  antenna  and  epistoma;  original 
description  (applies  to  type  only).  Blandford,  1897,  p.  147,  reference  to  charac- 
ters. Hopkins,  1899a,  p.  392,  fig.  LVIII,  reference.  Schwarz,  1902,  p.  32  (in 
part),  destructive  to  pine  at  Flagstaff,  Ariz,  (see  also  convexifrons).  Wickham, 
1902,  p.  310  (in  part),  list,  Dietz  quoted.  Hopkins,  1903a,  p.  60,  reference  to 
habits,  etc.  Hopkins,  1903b,  p.  281,  mention.  Hopkins,  1904,  p.  44,  habits,  dis- 
tribution, hosts,  etc.  Hopkins,  1905,  p.  11,  some  distinctive  characters.  Hopkins, 
1906c,  p.  81,  referred  to  D.  parallelocollis. 

Dcndroctonu8  (parallelocollis)  var.  approximatus  (Dietz)  Fall,  1907,  p.  218,  list, 
localities. 
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Subdivision  B. 
(Species  numbered  9  to  11,  inclusive.) 

The  distinctive  characters  common  to  the  species  of  the  second  sub- 
division are  as  follows: 

Adult. — Body  somewhat  stout,  prothorax  with  sides  distinctly  nar- 
rowed and  constricted  toward  the  head;  elytral  declivity  with  second 
stria  distinctly  curved,  second  interspace  broader  toward  middle,  nar- 
rowed toward  apex. 

Sexes. — Female:  Elytral  declivity  with  interspaces  smoother  and 
more  shining,  mandibles  less  stout.     Male:  The  reverse. 

Pupa. — Elytral  pads  roughened  with  granules,  vertex  of  head 
deeply  grooved  and  with  two  prominent  forward  curved  frontal  spines 
toward  the  vertex;  abdominal  tergites  2  to  6  with  long  and  prominent 
pleural  spines. 

Larva. — Front  with  prominent  transverse  and  rugose  elevation, 
more  prominent  toward  the  sutures. 

Galleries. — Pupal  cells  in  inner  bark,  eggs  in  approximate  groups, 
egg  galleries  slightly  winding  to  straight,  larval  mines  always  exposed 
in  inner  bark. 

9.    Dendroctonus  montiool»  Hopkins. 

(PI.  IV,  fig.  9.) 

Adult — Type  of  species,  female:  Length  5.6  mm.,  light  brown; 
elytral  declivity  with  a  few  long  hairs;  head  with  front  convex,  with- 
out median  elevation  or  groove,  but  with  faint  posterior  impression; 
elytral  rugosities  coarse,  rather  dense,  coarser  on  dorsal  area;  striae 
not  distinctly  impressed,  except  toward  suture,  punctures  small. 
Pronotum  with  the  anterior  area  transversely  impressed,  but  with 
moderately  long  hairs  on  the  lateral  area,  slightly  longer  on  the  ante- 
rior section.  Secondary  sexual  characters:  Elytral  declivity  convex, 
subopaque;  striae  distinct,  and  impressed,  with  fine  obscure  punc- 
tures; interspaces  with  rather  coarse  granules,  in  approximate  rows; 
lateral  area  with  obscure  punctures  and  subacute  rugosities. 

Type  labeled  "No  7447  U.S.N.M.,"  name  label,  "Hopk.  1/16/08, 
Pinus  morUicola,  Hopkins,  collector,  5/27/99,  Kootenai,  Idaho,  ?, 
Hopk.  U.  S.  205." 

Male  type:  Length  4.9  mm.  Head  with  front  less  distinctly  punc- 
tured and  more  rugose  than  female;  elytral  declivity  with  striae  more 
distinctly  punctured,  interspaces  more  opaque,  and  rugosities  slightly 
coarser,  the  mandibles  stouter  than  in  female. 

Male  type  labeled  same  as  female  except  sex  label. 

Variations. — The  length  varies  from  3.7  to  6.4  mm.,  averaging  about 

5.5  mm.     The  color  ranges  from  light  brown  to  black;  the  sculpture 

and  vestiture  of  the  epistoma,  front,  pronotum,  and  elytra  vary  as 

usual,  but  the  character  of  the  strial  punctures  is  fairly  constant. 
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The  greatest  variation  is  in  size  and  in  the  presence  or  absence  of 
dorsal  line  of  the  pronotum. 

Distinctive  characters. — The  characters  which  distinguish  this  spe- 
cies from  the  next  following,  to  which  it  is  more  closely  allied,  are 
the  average  smaller  size  and  prevailing  moderately  impressed  elytral 
stri®  with  distinct  but  moderately  coarse  punctures.  While  the  strial 
punctures  vary  in  size  in  different  individuals,  they  are  never  so  coarse 
as  in  the  average  D.  ponderosse.  It  is  also  distinguished  from 
D.  jeffreyi  by  the  much  smaller  average  length  of  body  and  the  pre- 
vailingly coarser  punctures  of  the  pronotum. 

Revisional  notes. — A  brief  description  (Hopkins,  1905,  p.  11)  was 
published  under  the  name  D.  monticola,  but  the  name  should  read 
D.  mordicohe,  which,  as  the  manuscript  name  indicates,  was  origi- 
nally intended.  The  species  is  represented  by  three  specimens  from 
California  in  the  Le  Conte  collection,  with  the  type  series,  under 
D.  similiSj  bearing  specimen  numbers  4,  12,  and  13,  and  therefore 
may  have  been  included  in  the  revision  by  Le  Conte  (1876,  p.  385), 
although  the  locality  (California)  is  not  given  in  that  correction. 
There  is  also  one  specimen  in  the  Horn  collection,  labeled  "CaL," 
under  D.  similis.  It  is  probable  that  the  one  under  similis  was  before 
Dietz  when  he  prepared  his  revision  (1890,  pp.  30-31)  under  the  name 
similis.  These  specimens  are  evidently  the  only  ones  which  may  have 
been  involved  in  Le  Conte's  or  Dietz's  revisions  on  the  literature  pre- 
vious to  Hopkins,  1899b,  pp.  14  and  26. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  apex  of  the  front  and  middle  femora  is  armed  with 
two  small  apical  spines;  abdominal  tergites  2  to  6  with  long  and  prom- 
inent pleural  spines,  1  is  without  distinct  dorsal  and  lateral  spines,  but 
2  to  6  have  distinct  dorsal  and  lateral  ones,  2,  3,  and  6  with  a  pair, 
and  4  and  5  with  three  lateral  spines  each  side  of  the  dorsal  ones; 
7  has  two  dorsal  spines,  while  8  is  smooth  and  the  pleural  spines  of  9 
are  long  and  prominent.     Pupal  type  labeled  "Hopk.  U.  S.  No.  196." 

There  is  the  usual  variation  in  the  arrangement  and  number  of 
minor  spines,  and  one  specimen  from  Yosemite  National  Park  is  quite 
different  in  the  widely  separated  frontal  spines,  with  the  dorsal  ones 
of  the  abdominal  tergites  coarser  and  tergite  7  with  a  pleural  spine. 
It  is  possible  that  this  may  be  a  pupa  of  an  unrecognized  species. 
The  characters  of  the  pupa  of  D.  monticolse,  which  serve  to  distinguish 
it  from  that  of  D.  ponderosae,  are  the  less  coarse  spines  of  the  abdom- 
inal segments,  the  less  densely  granulated  elytral  pads,  and  the  pres- 
ence of  two  apical  spines  on  the  front  and  middle  femora. 

Larva. — In  addition  to  the  generic  and  divisional  characters,  the 
front  has  the  posterior  angle  subacute  and  a  moderately  stout,  rugose 
elevation  situated  in  the  middle,  becoming  slightly  thickened  and 
elevated  toward  the  suture.     Clypeus  shining,  with  faint  median 
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groove  and  usual  elevation;  apex  broadly  emarginate,  labrum  with 
apex  broadly  rounded,  and  the  sternellar  lobes  of  the  thoracic  seg- 
ments with  distinct  foot  calli.  Larval  type  labeled  "Hopk.  U.  S. 
No.  196." 

There  is  some  variation  in  the  frontal  elevation,  but  generally  it  is 
situated  slightly  anterior  to  the  middle  or  in  the  middle,  while  the 
posterior  angle  of  the  front  is  distinctly  subacute.    These  serve  as 


Fig.  66.— Dendroctonus  morUicolse;  Egg  galleries  and  larval  mines  in  bark.    (Original.) 

the  most  distinctive  characters  to  separate  the  larva  of  this  species 
from  that  of  D.  ponderosx. 

Galleries  (figs.  66, 67). — The  egg  galleries  are  longitudinal,  distinctly 
to  slightly  winding  or  straight,  usually  grooved  on  the  surface  of 
the  wood  and  deeply  grooved  in  the  bark,  the  larval  mines  and  pupal 
cells  exposed  in  the  inner  bark;  the  eggs  are  placed  in  approximate 
groups,  and  the  larval  mines  are  short  and  broad.  The  egg  galleries 
differ  from  those  of  D.  i)onderos&  in  smaller  size,  more  winding  form, 
and  are  often  of  a  much  greater  length. 
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Distribution  (fig.  68).— (Hopk.  U.  S.)  California:  Alder  Creek, 
Chester,  Fulda,  Lake  Tenaya,  Mariposa  Grove,  Millwood,  Siskiyou 
County,  Soda  Springs,  Summerdale,  Tioga  Road,  Wawona.  Idaho: 
Boise  County,  Cedar  Mountain,  Centerville,  Coeur  d'Alene  National 


FiO.  07.— Deadrnctimxti  noMfnte.'  Ece  galleries  and  larval  mines  grooved  In  surface  of  wood.   (Original.) 

Forest,  Collins,  Helena,  Kootenai,  Moscow  Mountains,  Sand  Point, 
Smith's  Ferry,  Weiser.  Montana:  Big  Fork,  Columbia  Falls,  Iron 
Mountain,  Lolo,  Lewis  and  Clark  National  Forest,  Missoula,  Saltese. 
Oregon:  Ashland,  Grants  Pass,  Joseph,  Pokegama,  Wallowa.  ~Wash- 
ingUm:  Longmires  Springs,  Mount  Rainier  National  Forest,  Pialschie, 
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Washington  National  Forest.  Wyoming:  North  Fork  Shoshone 
River,  Wapiti.  Additional  localities  from  other  collections:  (A.  M. 
N.  H.)  Millwood,  CaL;  (U.S.N.M.)  Columbia  Falls,  Mont. 

Host  trees. — Pinus  lamhertiana,  P.  monticola,  P.  murrayana  and  P. 
ponderosa  (common);  Picea  engdmanni  (rare). 

Identified  specimens. — Le  Conte,  M.  C.  Z.,  3;  Horn,  A.  E.  S.,  1; 
A.  M.  N.  II.,  Webb  collection,  1;  Henry  Edwards  collection,  1; 
U.S.N.M.,  2;  D.  A.,  11;  Webb  collection,  14;  Hopk.  U.  S.,  over  500, 
including  different  stages  and  work. 
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Fio.  68.-*Z>CTidroc<onu«  montieoUt:  Distribution  map.    (Original.) 

Bibliography  and  Synonymy. 

Dendroctoniut  similis  (not  of  Le  Conte,  1860)  Le  Conte,  1876,  p.  385  (in  part),  locality. 
Dendroctonus  n.  sp.  Hopkins,  1899b,  pp.  14,  26,  first  record  of  habits  and  hosts. 
Dendroctonus  monticola  Hopkins,  1901b,  p.  67,  referred  to  as  new  species  but  not 

described,    habits,   galleries.     Hopkins,   1902c,   p.    21,   notes.     Hopkins,  1905, 

p.  11,  first  description,  distribution,  characters,  very  brief.    Webb,  1906,  p.  22, 

mentioned. 
Dendroctonus  monHcolas  Hopkins,  1902a,  p.  3,  manuscript  name. 
Dendroctonus  n.  sp.  (mountain  pine  Dendroctonus).    Hopkins,  1904,  pp.  19,  42,  45, 

habits,  hosts,  distribution,  etc. 
Mountain  pine  beetle.    Hopkins,  1908,  p.  162. 

10.    Dendroctonus  ponderosee  Hopkins. 

(Pi.  rv,  fig.  io.) 

Adult. — Type  of  species,  female:  Length,  6  mm.,  black;  elytral 
declivity  with  a  few  long  hairs.  Head  with  front  convex,  without 
median  elevation  or  groove,  but  with  faint  posterior  impression; 
elytral  rugosities  moderately  coarse  and  moderately  dense,  becoming 
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much  finer  on  the  lateral  area  and  coarser  toward  and  on  the  vertex. 
Pronotum  with  moderately  long,  erect  hairs  on  the  lateral  area,  con- 
siderably longer  toward  the  anterior  section;  punctures  of  elytral 
striae  distinct  and  coarse.  Secondary  sexual  characters  same  as  in 
preceding  species. 

Type  labeled  "Type  No.  7448  U.S.N.M.,"  name  label,  "Hopk. 
1/16/08,  Finns  ponderosa,  Spearfish,  S.  D.,  7/1/00,  A.  D.  Hopkins, 
collector,  9  ,  Hopk.  U.  S.  434.' ' 

Male  type:  Length  5.5  mm.  Characters  same  as  in  female,  except 
pronotum  with  very  dense,  subrugose  punctures  toward  the  anterior 
margin,  the  elytral  rugosities  finer  and  less  dense;  elytral  declivity 
with  coarser  interspacial  granules,  and  the  strial  punctures  slightly 
more  distinct. 

Male  type  labeled  same  as  female,  except  sex  label. 

Variations. — The  length  varies  from  4.5  to  7  mm.,  with  the  average 
about  6  mm.  The  color  ranges  from  brown  (in  young  specimens)  to 
black  in  matured.  The  sculpture  and  vestiture  of  the  epistoma,  front, 
pronotum,  and  elytra  vary  as  usual,  and  there  is  a  quite  noticeable 
variation  from  a  somewhat  slender  form  to  a  shorter  and  stouter  one. 
The  greatest  variation  is  in  length  and  in  the  size  and  density  of  the 
punctures  of  the  pronotum  and  of  the  striae  of  the  elytra. 

Distinctive  characters. — The  characters  which  distinguish  tliis  species 
from  the  one  following  are  its  average  smaller  size,  less  shining  pro- 
notum, with  coarser  and  deeper  punctures,  and  from  the  preceding 
by  its  average  larger  size  and  somewhat  stouter  form,  with  the  elytral 
striae  more  distinctly  impressed  and  the  punctures  distinctly  coarser. 
There  is  a  considerable  range  of  variation  in  these  characters,  but  the 
specimens  with  less  distinctly  impressed  striae  and  finer  punctures 
which  might  be  mistaken  for  D.  monticola  are  exceptional,  and  should 
cause  no  confusion  as  long  as  the  range  of  distribution  of  the  two 
species  is  so  distinct. 

Revisional  notes. — In  March,  1902,  the  writer  (Hopkins,  1902a, 
p.  3)  published  the  manuscript  name,  D.  ponderosae,  without  descrip- 
tion of  any  kind,  and  in  April  of  the  same  year  (Hopkins,  1902b,  p.  10) 
he  gave  a  brief  description  under  D.  ponderosa,  but,  as  indicated  by 
the  manuscript  name,  it  was  intended  that  the  name  should  relate  to 
the  host  tree,  Pinus  ponderosa,  therefore  the  name  D.  ponderosse,  under 
which  it  is  here  fully  described,  should  stand.  The  species  is  repre- 
sented in  the  Le  Conte  collection  by  one  immature  example,  which, 
in  1900,  was  in  the  D.  rufipennis  series,  labeled  "Specimen  8,  Col." 
In  March,  1907,  this  specimen  was  again  examined  by  the  writer,  and 
identified  as  D.  ponderosse.  It  is  evident  that  it  was  in  Le  Conte's 
collection  when  he  prepared  his  latest  revision  (1876),  but  there  is 
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evidence  that  the  characters  and  locality  were  not  involved  in  the 
revised  description  under  D.  ryfipennis.  It  is  probably  represented 
in  the  Horn  collection  (A.  E.  S.)  by  one  specimen,  without  locality 
label,  found  by  the  writer  in  1900  as  the  third  specimen  in  the  type 
series,  under  D.  approximatus.  Two  other  specimens,  labeled  "Colo.," 
were  found  in  the  Horn  collection  and  one  specimen  in  the  general 
Academy  of  Natural  Sciences  collection  under  D.  ryfipennis.  The 
two  in  the  Horn  collection  were  evidently  before  Dietz  when  he  pre- 
pared his  revision  under  D.  ryfipennis  and  included  in  the  Colorado 
locality  if  not  in  the  revised  description.  The  writer  (1902,  p.  10) 
refers  in  a  footnote  to  wrong  identifications  under  D.  ryfipennis  and 
Z>.  terebrans.  This  probably  includes  all  of  the  published  references 
in  which  this  species  has  been  in  any  manner  involved  in  revisions 
or  systematic  notes. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  front  and  middle  femora  are  armed  each  with  one  small 
apical  spine.  Abdominal  tergites  2  to  6,  with  long  and  prominent 
pleural  spines;  1  is  without  distinct  dorsal  and  lateral  spines,  but  2  to 
6  have  distinct  dorsal  and  lateral  ones,  and  all  of  them  have  a  pair  of 
dorsal,  and  2,  3,  and  6  have  a  pair,  and  4  and  5  have  three  lateral 
spines  each  side  of  the  dorsal  ones;  7  has  two  dorsal  spines,  while  8 
is  smooth,  and  the  pleural  spines  of  9  are  long  and  prominent.  Pupal 
type  labeled  "Hopk.  U.  S.  No.  623." 

In  a  number  of  individuals,  the  usual  variation  in  the  arrangement 
and  number  of  minor  spines  is  found,  and  between  the  younger  and 
older  examples  there  is  a  wide  range  of  variation. 

The  characters  which  seem  to  distinguish  the  pupa  of  this  species 
from  that  of  D.  monticohe  are  the  coarser  spines  of  the  abdominal  ter- 
gites, the  more  densely  granulate  elytral  pads,  and  the  presence  of  but 
one  apical  spine  on  the  front  and  middle  femora. 

Larva. — In  addition  to  the  generic  and  divisional  characters,  the 
front  has  the  posterior  angle  subobtuse,  and  a  stout  prominent 
rugose  transverse  elevation  situated  slightly  behind  the  middle  and 
elevated  and  broad  toward  the  sutures;  clypeus  with  the  base  shining 
and  bearing  a  faint  median  elevation,  and  the  apex  broadly  emargi- 
nate;  labrum  less  than  half  as  long  as  broad,  with  the  apex  truncate; 
sternellar  lobes  of  the  thoracic  segments  with  indistinct  foot  calli. 
Larval  type  labeled  "Hopk.  U.  S.  No.  755." 

There  is  some  variation  in  the  frontal  elevation,  but  generally  it 
is  situated  behind  the  middle,  and  the  posterior  angle  of  the  front  is 
more  obtuse  than  in  the  preceding,  which  latter  serves  as  the  most 
distinctive  character  separating  the  larva  of  this  species  from  that  of 
D.  monticolx. 
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Ga&erie*  (figs.  69,  70). — The  egg  galleries  are  longitudinal,  and 
usually  nearly  straight.  They  are  usually  grooved  on  the  surface  of 
the  wood  and  deeply  grooved  in  the  inner  bark,  with  the  larval  mines 
and  pupal  cells  exposed.     The  eggs  are  placed  in  approximate  groups, 


FlO.  00.— Dendroctemua  powtrrtiix;  Ere  B&IIerii>s  and  larval  mtn«s.    (Original.) 

and  the  larval  mines  are  short.     The  egg  galleries  differ  from  those 
of  D.  montieolae  in  the  larger  diameter  and  straighter,  shorter  form. 

Distribution  (fig.  71). — (Hopk.  U.  S.)  Arizona:  Chiricahua  Na- 
tional Forest,  Flagstaff,  Fredonia,  San  Francisco  Mountains.  Colo- 
rado: Bailey,  Brookvale,  Cascade,  Cat  Mountain,  Cochetopa,  Colo- 
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rado  Springs,  Fort  Garland,  Glenwood  Springs,  Gunnison  National 
Forest,  Green  Mountain  Falls,  Hahna  Peak,  Husted,  Indian  Creek, 
Larkspur,  La  Veta,  Manitou,  Medicine  Bow  National  Forest,  Meeker, 
Monte  Vista,  Ouray  National  Forest,  Palmer  Lake,  Pikes  Peak,  Pine, 
Poncha  Springs,  San  Isabel  National  Forest,  San  Juan  National  For- 
est, Sequache,  Uncompahgre  National  Forest,  White  River  National 
Forest.      New    Mexico: 
Gila    National    Forest, 
Vermejo.     South    Da- 
kota:   Custer,    Elmore, 
Hill  City,  Lead,  Nemo, 
Piedmont,  Sylvan  Lake. 
Utah:    Escalante,    Ka- 
maSj   Kanab,   La  Salle 
National    Forest,  Pan- 
guitch,    Provo.      Wyo- 
ming: Downington,  En- 
campment,    Keystone. 
Additional  locality  from 
other  collectors:  (Brown) 
Las     Animas  County, 
Colo.     Localities  report- 
ed    by    correspondents: 
Eagle,  Florissant,Idalio 
Springs,  Kennedy  Sta- 
tion,La  Veta,  Montrose, 
Pagosa  Springs,  Porter, 
San  Juan,Ute  Pass,  and 
West  Cliff,  Colo. 

Host  trees.  — Pinus 
ponderosa  scoptdorum, 
P.  fiex&is,  P.  murray- 
ana,P.Btrobiformis,&nd 
Picea  engelmanni. 

Economic  relation  to 
forests.— This  species  is 
exceedingly  destructive 
to  the  pine  forests  of  ""'*' 
the  central  and  southern  Rocky  Mountain  region,  having  caused  a 
loss  of  forest  resources  worth  many  millions  of  dollars.  The  rock 
pine,  or  bull  pine  (Pinus  ponderosa  var.  scopuJorum),  is  its  favorite 
host  tree,  but  it  attacks  and  kills  the  other  pines  and  infests  the 
spruce,  though  apparently  not  destructive  to  the  latter. 

Identified  specimens. — Le  Conte  (M.  C.  Z.),  1  specimen;  Horn  (A.  E. 
S.),  2   specimens;   A.   N.   S.,  2   specimens;   U.S.N.M.,  1  specimen; 
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D.  A.,   14   specimens;   Gillette,    2   specimens;   Hopk.  U.  S.,  more 
than  10,000  specimens,  including  all  stages  and  work. 

Bibliography  and  Synonymy. 

Dendroctonus  similis  (not  of  Le  Conte,  1860)  Le  Conte,  1876,  p.  385  (in  part)  (in  col- 
lection 1890). 

Dendroctonus  approximatus  Dietz,  1890,  p.  31  (in  part?)  (specimen  with  type 
series). 

Dendroctonus  ponderosx  Hopkins,  1902a,  p.  3,  manuscript  name  only.  Hopkins, 
1903b,  pp.  275,  282,  p.  xxix,  figs.  28,  32,  stages  and  work  figured,  and  full  account 
of  habits,  life  history,  methods  of  control,  etc.  Hopkins,  1904,  pp.  41,  43,  44, 
PI.  I,  fig.  1,  Pis.  Ill,  VIII,  IX,  XII,  fig.  2,  stages  and  work  illustrated,  habits, 
host,  distribution,  etc.  Hopkins,  1905,  pp.  1-24,  full  account  of  history,  hab- 
its, life  history,  work,  methods  of  control,  etc.,  Pis.  I,  II,  figs.  1-6,  stages  and 
work.  Hopkins,  1906a,  p.  4,  old  work.  Hopkins,  1906b,  p.  147,  Pis.  IV,  V, 
figs.  1-5,  anatomy  of  larval  head.  Fall,  1907,  p.  218,  list,  locality.  Hopkins, 
1908,  p.  162,  depredations. 

Dendroctonus  ponderosa  Hopkins,  1902b,  p.  10,  brief  original  description,  adult,  etc., 
galleries  and  work  illustrated,  fig.  1,  Pis.  I,  III,  IV,  VII,  full  account  of  habits, 
methods  of  control,  etc.  Hopkins,  1902c,  p.  21,  habits.  Hopkins,  1903a,  p.  59, 
habits,  etc. 


Fig.  71.— Dendroctonus  pondarosx:  Distribution  map.    (Original.) 
1 1 .    Dendroctonus  jeffreyi  n .  sp. 

(PI.  IV,  fig.  11.) 

Adult. — Type  of  species,  female:  Length  7.5  mm.,  black;  elytral 
declivity  with  a  few  long  hairs.  Head  with  front  convex,  with  slight 
anterior  and  posterior  impressions,  without  frontal  elevations;  elytral 
rugosities  ^noderately  coarse  and  dense,  becoming  much  finer  on  lat- 
eral area  and  coarser  toward  the  vertex.    Pronotum  shining,  sides 
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distinctly  constricted  toward  the  head,  with  moderately  long,  erect 
hairs  on  the  lateral  area,  longer  and  denser  on  the  anterior  surface; 
punctures  of  elytral  striae  distinct  and  coarse,  the  stri®  more  dis- 
tinctly impressed  on  the  dorsal  area.  Secondary  sexual  characters 
same  as  in  preceding  species. 

Type  labeled  "Type  No.  7449  U.S.N.M.,"  name  label,  "Hopk. 
1/22/08,  Pinu8  jeffreyi,  Little  Yosemite,  Cal.,  H.  E.  Burke,  col- 
lector, 9 ,  Hopk.  U.  S.  4394a." 

Male  type:  Length  7  mm.,  same  characters  as  female,  except  ely- 
tral declivity  is  more  opaque  and  with  distinctly  coarser  interspacial 
rugosities. 

Male  type  labeled  same  as  female,  except  sex  label. 

Variations. — The  length  varies  from  6  to  8  mm.,  with  the  average 
about  7  mm.,  and  the  color  from  brown  in  young  specimens  to  deep 
black  when  matured.  The  sculpture  and  vestiture  of  the  epistoma, 
front,  pronotum,  and  elytra  vaiy  as  usual.  There  is  apparently  less 
variation  in  size  and  in  other  characters  than  is  found  among  the 
individuals  of  the  other  species. 

Distinctive  characters. — This  species  is  at  once  distinguished  from 
either  of  the  two  preceding  by  its  average  larger  size  and  shining  pro- 
notum, with  its  fine  and  shallow  punctures. 

Note. — This  species  is  not  represented  in  any  of  the  collections 
examined  by  the  writer,  and  nothing  has  heretofore  been  published 
about  it. 

Pupa. — In  addition  to  the  generic  and  divisional  characters,  the 
apices  of  the  front  and  middle  femora  are  armed  with  two  distinct 
spines;  abdominal  tergites  2  to  6  with  long  and  prominent  pleural 
spines;  1  is  apparently  without  dorsal  spines,  2  and  6  are  evidently 
with  dorsal  and  lateral  spines,  but  in  the  single  poor  specimen  the 
relative  size  and  number  can  not  be  made  out;  they  appear,  how- 
ever, to  be  less  prominent  than  in  either  of  the  preceding  species;  7 
has  two  small  dorsal,  three  distinct  lateral  spines,  and  a  small  pleural 
one;  8  is  smooth,  and  9  is  with  prominent  pleural  spines,  as  usual. 
Pupal  type  labeled  "Hopk.  U.  S.  No.  4412a." 

The  above  description  is  based  on  a  single  specimen,  which  is  dam- 
aged, therefore  is  subject  to  revision  when  more  specimens  are  exam- 
ined. It  seems  to  be  quite  different  from  the  unique  pupa  mentioned 
under  D.  monticola. 

Larva. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  front  has  the  posterior  angle  subacute,  and  a  narrow 
transverse  elevation  situated  in  the  middle  and  not  broadened  or 
more  elevated  toward  the  sutures;  clypeus  shining,  with  median 
groove  toward  the  base  and  with  the  apex  broadly  emarginate ;  labrum 
with  apex  broadly  truncate ;  sternellar  lobes  of  the  thoracic  segments 
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with  obscure  foot  scars.  Larval  type  labeled  "Hopk.  XL  S.  No. 
6204b." 

There  is  very  little  variation  in  the  four  specimens  before  the 
writer,  and  the  narrow  smoother  frontal  elevation,  not  elevated  and 
broadened  toward  the  suture,  is  the  most  distinctive  character  sepa- 
rating the  larva  of  this  species  from  those  of  the  two  preceding 
species. 

Galleries. — The  egg  galleries  are  longitudinal,  nearly  straight, 
grooved  on  surface  of  the  wood,  and  deeply  grooved  in  the  inner 
bark,  with  the  larval  mines  and  pupal  cells  exposed.  The  eggs  are 
placed  singly  and  in  approximate  groups.  The  egg  galleries  and  lar- 
val mines  of  this  species  differ  from  those  of  the  two  preceding  in 
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Fio.  72.— Dendroctonusjeffreyi-  Distribution  map.    (Original.) 

being  much  coarser;  otherwise  they  appear  to  be  more  like  those  of 
monticolae. 

Distribution  (fig.  72). — (Hopk.  U.  S.)  California:  Chester,  Little 
Yosemite,  Nevada  City,  Pinogrande,  Sterling,  Tallac,  Yosemite 
(Yosemite  National  Park),  and  Seven  Oaks  (San  Bernardino  National 
Forest). 

Host  trees. — Pinus  jeffreyi.  P.  ponderosaf  and  P.  larribertiana. 

Identified  specimeiis. — Hopk.  U.  S.,  over  160  specimens,  including 
adults,  pupae,  and  larvae. 

DIVISION  II. 

The  distinctive  characters  common  to  the  species  of  the  second 
division  are: 

Adults. — Pro  thorax  stout,  usually  narrower  than  elytra,  distinctly 
narrowed  or  constricted  toward  head;  elytra  with  anterior  dorsal 
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half  bearing  long  hairs,  except  in  D.  terebrans  and  badly  rubbed  speci- 
mens. 

Pupa. — Vertex  of  head  faintly  impressed,  flat  or  convex,  and  with 
two  small  widely  separated  frontal  granules  toward  vertex. 

Larva. — Abdominal  tergites  8  and  9  with  dorsal  plates  except  in 
simplex  and  pseudotsugx,  and  8  without  plate  in  micans. 

Galleries. — Egg  galleries  longitudinal,  straight  to  slightly  winding; 

eggs  in  groups  or  masses;  larval  mines  and  pupal  cells  exposed  in 

inner  bark. 

Subdivision  C. 

(Species  Nos.  12  to  21,  inclusive.) 

The  distinctive  characters  common  to  the  species  of  this  third  sub- 
division are: 

Adults. — Front  usually  with  posterior  impression,  pronotum  with 
large  and  small  punctures  intermixed.  Pronotum  with  long  hairs  on 
dorsal  and  lateral  areas.  % 

Sexes. — Female:  Interspaces  of  elytral  declivity  more  roughened 
and  the  striae  more  distinctly  impressed.     Male:  The  reverse. 

Pupa. — Vertex  of  head  flattened  or  faintly  impressed;  apices  of 
front  and  middle  femora  smooth;  abdominal  tergites  with  moderately 
prominent  pleural  and  dorsal  spines. 

Larva. — Abdominal  tergites  8  and  9  without  dorsal  plate  in  simplex 
and  pseudotsugce  and  with  unarmed  dorsal  plate  in  the  remaining 
species. 

Galleries. — Egg  galleries  slightly  winding  to  straight;  eggs  in 
groups,  but  larval  mines  separated  from  the  beginning,  or  beyond  the 
middle,  except  in  D.  micans. 

12.    Dendroctonus  simplex  Le  Conte. 

(PI.  V,  flg.  12.) 

Adult. — Typical  female:  Length,  3.9  mm.,  dark  reddish-brown. 
Head  with  front  distinctly  convex,  with  faint  posterior  impression. 
Pronotum  with  distinctly  coarse  and  fine  punctures  intermixed ;  ely- 
tral declivity  with  striae  deeply  impressed ;  epistomal  process  narrow, 
flat,  the  sides  nearly  parallel,  apex  not  extending  beyond  the  anterior 
frontal  margin;  elytral  rugosities  moderately  coarse,  becoming  finer 
on  the  lateral  areas,  sparse,  coarser,  and  more  acute  on  the  dorsal 
area  and  vertex;  striae  toward  suture  impressed,  not  impressed  on 
lateral  area;  strial  punctures  coarse  and  distinct.  Pronotum  with 
moderately  long  reclining  hairs  on  lateral  area.  Secondary  sexual 
characters:  Elytral  declivity  with  interspaces  more  rugose  and  the 
striae  more  distinctly  impressed. 

Typical  female  labeled,  name  label,  "Hopk.  1/22/08,  IT.  S.  41,  9  , 
Grand  Ledge,  Mich.,  21.4"  ( =  April  21). 

Typical  male:  Length,  3.8  mm.;  elytra  more  shining,  less  rugose; 
declivity  shining,  interspaces  convex  and  smooth,  with  fine,  distinct 
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punctures  and  with  stri»  distinctly  impressed  and  finely  punctured ; 
otherwise  as  in  female. 

Typical  male  labeled,  name  label,  "Hopk.  1/22/08,  H.  S.  40,  <? , 
Grand  Ledge,  Mich.,  20.5"  ( =  May  20). 

Variations. — The  length  varies  from  3.5  to  5  mm.,  with  the  average 
about  4.7  mm.  The  color  varies  from  reddish  to  reddish-brown,  with 
the  head  and  thoracic  segments  ranging  from  light  to  dark  brown, 
and  nearly  black.  The  epistomal  characters  are  more  constant  in 
this  and  the  next  species,  otherwise  the  usual  variation  in  the  sculp- 
ture and  vestiture  of  the  head,  pronotum,  and  elytra  prevails.  The 
greatest  variation,  other  than  size,  is  found  in  the  punctures  of  the 
pronotum  and  in  the  strial  punctures  and  interspacial  rugosities  of 
the  elytra. 

Distinctive  cTiaracters. — The  characters  which  distinguish  this 
species  from  the  following,  to  which  it  is  more  closely  allied,  are  the 
much  smaller  average  size  of  the  individual  and  the  coarser  and 
deeper  punctures  of  the  pronotum. 

Revisional  notes. — The  original  description  was  based  on  two  male 
specimens  labeled  "  Canada/'  which  have  been  examined  by  the  writer 
and  found  to  agree  with  the  common  species  which  lives  in  the 
eastern  larch.  The  comparison  in  the  description  with  D.  obesus 
must  refer  to  D.  pseudotsugse  Hopk.,  representatives  of  which  were 
then  confused  with  the  true  D.  obesus  (Mann.) .  The  smooth  intervals 
on  the  declivitv  referred  to  is  a  male  character.  The  reference  to  a 
much  deeper  sutural  stria  relates  to  what  is  now  recognized  as 
stria  1.  The  revision  relates  to  the  type  specimens.  With  our 
present  knowledge  of  the  specific  characters,  those  given  in  Le  Conte's 
tables  are  only  partially  applicable.  It  is  evident  that  no  other 
species  were  confused  with  this  one  in  Le  Conte's  description  and 
revision,  but  it  was  involved  in  the  revision  under  D.  obesus  (1868) 
and  D.  similis  (1873).  In  1900  it  was  in  Le  Conte's  collection  under 
D.  rujipennis,  labeled  uLake  Superior"  and  "Tex.,"  and  under 
D.  similis,  labeled  "Lake  Superior"  and  "Can."  In  Dietz's  revi- 
sion, the  specimens  from  Colorado  and  California  were  evidently 
D.  pseudotsugx,  but  did  not  involve  any  confusion  in  the  description, 
except  in  the  length,  6.2  mm.,  which  was  evidently  based  on  a 
specimen  of  D.  pseudotsugx. 

The  species  was  found  to  be  represented  in  the  Horn  collection  by 
one  specimen,  under  simplex,  labeled  "Can.,"  and  two  specimens 
under  D.  similis,  labeled  "Can." 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  apex  of  the  front  and  middle  femora  has  a  minute 
subapical  granule.  Abdominal  tergite  1  with  very  small  and  2  to  6 
with  stout,  prominent  pleural  spines,  1  without  dorsal  or  lateral,  2 
without  dorsal,  3  to  6  with  prominent  dorsal  spines,  becoming  larger 
toward  6,  2  to  6  with  two  lateral  spines  each  side,  becoming  more 
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prominent  toward  the  latter,  7  with  two  minute  dorsal  hairs,  8 
smooth,  9  with  prominent  widely  separated  spines.  Pupal  type, 
labeled  "Hopk.  U.  S.  No.  6444b." 

The  usual  variation  in  arrangement  and  number  of  minor  spines 
prevails,  but  the  pupa  of  this  species  is  easily  distinguishable  from 
that  of  the  following  by  its  smaller  size  and  the  more  prominent 
dorsal,  lateral,  and  pleural  spines. 


Fin.  73.— Dendraetontu  limpfef  Egg  galleries  and  larval  mines.     (Orlgir 


Larva. — In  addition  to  the  generic  and  divisional  characters,  the 
front  is  convex,  opaque,  with  the  posterior  angle  obtuse,  and  the 
middle  with  an  indistinct  transverse  elevation,  and  transversely 
rugose.  The  cl3"peus  is  prominent,  shining,  with  a  distinct  median 
impressed  line  and  the  apex  broadly  emarginate;  the  labium  is  short, 
with  the  apex  broadly  rounded.  The  stemellar  lobes  of  the  thoracic 
segments  are  prominent  and  with  distinct  foot  calli.  Larval  type 
labeled  "  Hopk.  U.  S.  No.  6444b." 

Galleries  (fig.  73). — Egg  galleries  longitudinal,  slightly  winding, 
and  sometimes  branched  and  grooved  on  the  surface  of  the  wood,  as 
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well  as  deeply  grooved  in  the  inner  bark;  larval  mines  and  pupal 
cells  exposed  in  the  inner  bark.  Eggs  are  placed  in  groups  of  three 
to  five  or  more,  and  the  larval  mines,  which  are  short,  are  separated 
from  the  start.  The  galleries  differ  from  those  of  the  next  species 
by  their  smaller  size,  more  elongate  and  winding  form  of  the  egg 
galleries,  and  the  much  shorter  larval  galleries  arranged  in  much 
smaller  groups. 

Distribution  (fig.  74). — (Hopk.  U.  S.)  Maine;  Cupsuptic.  Michi- 
gan: Grand  Island,  Munising,  Mackinac  Island,  Seney.  (Hopk.  W. 
Va.)  West  Virginia:  Cranesville.  Additional  localities  from  other  col- 
lections: (U.S.N.M.)  Ungava  Bay,  Canada;  Agricultural  College, 
Mich.     (H.  &  S.)  Marquette,  Grand  Ledge,  and  Port  Huron,  Mich. 


^_       »   v  ■  T*  Vs-- ^~ -S    ^v  •  •  • .  •"  . 


Fig.  74.— Dendroctonw  simplex:  Distribution  map.   (Original.) 

(D.  A.)  West  Stewartstown,  N.  H.  One  specimen  in  the  Le  Conte 
collection  under  D.obesus,  labeled  " Texas"  (must  be  an  erroneous 
locality,  resulting  from  some  mistake) . 

Host  tree, — Larix  laricina. 

Identified  specimens. — Le  Conte,  10  specimens  (2  under  D.  simplex, 
3  under  D.  rufipennisy  and  5  under  D.  similis))  Horn,  3  specimens 
(2  under  simplex,  2  under  similis) ;  U.S.N.M.,  6;  H.  &  S.,  10;  D.A., 
5  specimens;  Hopk.,  W.  Va.,  157,  and  Hopk.  U.  S.,  over  150 
specimens. 

Bibliography  and  Synonymy. 

Dendroctonu8  simplex.  Le  Conte,  1868,  p.  173,  original  description,  synopsis, 
localities.  Le  Conte,  1876,  p.  385,  revision,  synopsis,  bibliography,  localities. 
Packard,  1887,  p.  177  (Le  Conte  quoted).  Schwarz,  1888,  p.  175,  synonymy, 
habits  in  larch.    Packard,  1887,  p.  177,  Le  Conte  quoted.    Packard,  1890,  p.  722 
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(ibid).  Dietz,  1890,  p.  31  (in  part),  Michigan  and  Lake  Superior,  fig.  4,  antenna 
and  epistoma.  Harrington,  1891,  p.  27,  habits  and  host.  Hopkins,  1898a,  p.  69, 
distinct  from  rufipennis  (piceaperda).  Hopkins,  1898b,  in  larch  in  W.  Va. 
Hopkins,  1899a,  p.  392,  etc.,  fig.  lviii,  adult,  revisional  notes,  etc.,  host,  distribu- 
tion. Hopkins,  1899c,  p.  343,  good  species,  habit,  host,  etc.  Felt,  1906,  p.  752 
(in  part),  bibliography. 

Dendroctcmu8  gimilis  (not  of  Le  Conte,  1860)  Le  Conte,  1876,  p.  385  (in  part),  revi- 
sion, synonymy,  bibliography,  localities.     Dietz,  1890,  p.  31,  Canada. 

Dendroctonus  rvfipennis  (not  of  Kirby)  Le  Conte,  1876,  p.  385  (in  part)  (in  collec- 
tion 1900-1907,  under  rufipennis). 

Dendroctonus  sp.    Harrington,  1884,  p.  218.    Packard,  1890,  p.  903. 

13.    Dendroctonus  pseudotsugee  Hopkins. 

(PI.  V,  flg.  13.) 

Adult. — Type  of  species:  Length  5.75  mm.;  reddish  brown,  with 
the  prothorax  darker.  Head  with  front  convex,  with  faint  median 
and  posterior  impression;  elytral  declivity  with  striae  deeply  im- 
pressed; epistomal  process  narrow,  slight,  with  sides  nearly  parallel, 
the  apex  scarcely  projecting  beyond  the  anterior  margin.  Pronotum 
with  punctures  fine,  and  moderately  regular  in  size;  elytral  rugosities 
moderately  coarse,  finer  on  lateral  area,  coarse  and  more  acute  on 
dorsal  area  and  vertex;  striae  of  dorsal  area  distinctly  impressed,  not 
impressed  on  lateral  area;  punctures  coarse  and  distinct.  Pronotum 
with  moderately  long  hairs  on  the  lateral  area.  Secondary  sexual 
characters:  Elytral  declivity  convex,  with  interspaces  rugose  and 
the  striae  distinctly  impressed  and  punctured. . 

Type  labeled  "Type  No.  7450  U.S.N.M.,"  name  label,  "Hopk. 
1/22/08,  Pseudotsuga  taxifolia,  Hopkins,  collector,  Grants  Pass,  Or., 
?,Hopk.  U.S.  39." 

Male  type:  Length  5.75  mm.;  elytral  declivity  with  interspaces 
strongly  convex  and  smooth,  shining,  sparsely  punctured;  striae 
deeply  impressed,  punctures  obscure,  otherwise  as  in  female. 

Male  type  labeled  "  $  type,"  name  label,  "Hopk.  1/22/08,"  other- 
wise same  as  female. 

Variations. — The  length  varies  from  4  to  7  mm.,  with  the  average 
about  6  mm.  The  color  ranges  from  light  reddish  to  nearly  black. 
The  usual  variation  in  sculpture,  vestiture,  etc.,  prevails.  The 
greatest  variation  is  in  the  size  and  color,  and  in  the  size  of  the 
punctures  of  the  pronotum.  The  epistomal  process  varies  consid- 
erably, so  that  in  some  specimens  it  extends  beyond  the  epistomal 
margin,  while  in  others  it  does  not. 

Distinctive  characters. — This  species  and  the  one  preceding  are 
at  once  distinguished  from  all  of  the  other  species  of  the  genus  by  the 
characters  of  the  epistoma  and  from  each  other  by  the  sculpture  of 
the  pronotum  and  the  difference  in  average  size  of  representative 
individuals.  D.  pseudotsugse  is  distinguished  especially  by  the 
shining  and  finely  punctured  pronotum. 
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Revisional  notes. — This  species  has  been  an  element  of  much  con- 
fusion in  descriptions,  revisions,  and  identifications,  under  the 
names  D.  similis,  D.  obesus,  D.  rufipennis,  etc.  It  is  represented  in 
the  type  series  in  Le  Conte's  collection  under  D.  similis,  but  the 
specimen  which  bears  the  name  label,  and  therefore  the  type  of 
D.  similis,  is  a  true  D.  obesus  (Mann.).  Le  Conte  (1868,  p.  173)  referred 
D.  similis  to  obesus  on  account  of  the  intervals  of  the  elytra  being 
" rough  for  their  whole  extent,"  which  is  the  case  in  the  type  of 
D.  similis,  and  in  all  females  of  D.  obesus.     Later  he  evidently  com- 


FlG.  7h.—Dcndroctonus  pstudolsugse:  Egg  galleries  and  larval  mines,  a ,  Beginning  or  basal  sections  of  egg 
galleries  in  bark;  b,  entrance;  c,  egg  gallery;  d,  ventilating  hole;  e,  egg  nest;/,  abnormal  branch;  g,  lar- 
val mines;  A,  egg  gallery  packed  with  borings;  i,  subsequent  passage  or  inner  gallery  through  borings. 
(Original.) 

pared  the  type  of  D.  similis  with  a  single  male  specimen  of  D.  obesus 
in  his  collection,  which,  according  to  Mr.  Henshaw,  is  from  the 
Mannerheim  collection,  and  finding  that  this  differed  from  his  D. 
similis  in  the  smooth  elytral  declivity  he  restored  D.  similis  (Le  Conte, 
1876,  p.  385)  and  called  attention  to  the  roughened  interspaces  of  the 
declivity  as  a  distinctive  character;  all  of  which  makes  it  quite  clear 
that  he  considered  the  specimen  bearing  the  name  label  as  the  type 
of  his  D.  similis  and  that  therefore  this  name  must  fall  as  a  synonym 
of  D.  obesus  Mann.  Thus  the  other  specimens  of  the  type  series  are 
left  to  represent  a  distinct  species  as  here  described.     In  1900  it  was 
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represented  in  the  LeConte  collection  by  two  specimens  labeled  "Or." 
and  three  specimens  labeled  "Van."  under  D.  similis,  and  one  speci- 
men labeled  "Garland  Pass,  Col.,"  under  D.  rufipermia.  In  1900 
it  was  represented  in  the  Horn  collection  by  one  specimen  labeled 
"Col."  and  one  specimen  labeled  "Cal.,"  and  in  the  A.  E.  S.  collec- 
tion by  three  specimens  from  Oregon  under  D.  similis  and  two  speci- 
mens labeled  "Col."  under  D.  rujipennis.  Dietz's  revision  under 
D.  similis  (1890,  pp.  30-31)  includes  the  characters  of  D.  pseudo- 
tsugze.,  as  represented  by  the  Oregon,  Colorado,  and  California  speci- 


Fm.  la.—Dtninctomti  piai&ntmgx;  Egg  nailery  and  h 
Id  ■Uffftce  of  wood;  b,  larval  mines  In  bark;  it,  larva]  ] 
wood.   (Original.) 

mens,  while  the  specimens  from  Canada  represented  D.  simplex,  and 
one  from  California  referred  to  in  the  note  is  D.  moniicolee. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisionul 
characters,  the  apices  of  the  front  and  middle  femora  are  smooth; 
abdominal  tergite  1  is  without  a  pleural  spine,  2  with  small,  and  3 
to  6  with  rather  stout  ones;  1  and  2  are  without  dorsal  and  lateral 
spines,  while  3  to  6  have  a  pair  of  dorsal  and  a  pair  of  lateral  ones 
each  side;  7  and  8  are  smooth,  and  9  has  the  usual  prominent  pleural 
spines.     Pupal  type  labeled  "Hopk.  U.  S.  No.  2298." 
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The  usual  variation  in  number  and  arrangement  of  minor  spines 
prevails  in  other  specimens,  but  they  are  easily  distinguished  from 
those  of  D.  simplex  by  their  larger  size  and  less  prominent  dorsal, 
lateral,  and  pleural  spines. 

Larva. — In  addition  to  the  generic  and  divisional  characters,  the 
front  is  opaque,  except  toward  the  apex,  where  it  is  more  shining, 
and  the  apex  is  subacute;  the  middle  has  a  transversely  rugose  :; 
i-  elevation,  slightly  more  ele-  * 

vated  and  broader  toward 
the  suture.  The  clypeus  is 
prominent,  shining,  and  with 
an  impressed  line  from  the 
middle  to  the  anterior  mar- 
gin, which  is  broadly  emar- 
ginate;  labium  short,  with 
the  apex  broadly  rounded; 
the  sternellar  lobes  are  mod- 
erately prominent,  with  in- 
distinct foot  calli.  Larval 
type  labeled  "Hopk.  U.  S. 
No.  2289." 

Galleries  (figs.  75-77).— 
The  egg  gallery  is  longitudi- 
nal, short,  but  slightly  wind- 
ing, sometimes  branched, 
slightly  grooving  the  surface 
of  the  wood,  and  deeply 
grooved  in  the  inner  bark. 
The  larval  mines  and  pupal 
cells  are  exposed  in  the  inner 
bark,  and  the  eggs  are  rather 
closely  placed  in  groups  of 
three  to  ten  or  more,  but  the 
larval  mines  are  separated 
from  the  start  and  are  usu- 
Fio.  n.-DmdroaoBHt  pirwMfwfK:  Se-tion  of  ioB  with     ally  extended  for  some  dis- 

ti.irk  removed,  showing  lowxl    unHprtna    marked    and      tance  from  the   e£C   CallerV. 
grooved  on  airfare  otvnd.    (drfcfuol.)  _,  „      .  .  "T!  e  .'' 

lhe  galleries  or  this  species 
differ  from  those  of  the  one  preceding  by  their  larger  size  and  shorter 
form  of  the  egg  gallery  and  the  much  larger  larval  mines,  which  are 
arranged  in  larger  groups. 

Distribution  (fig.  78). — (Hopk.  U.  S.)  Arizona:  Chiricahua  National 
Forest,  Flagstaff,  San  Francisco  Mountains,  Santa  Catalina  National 
Forest.  California:  Field  brook,  Guerncyvillc,  McCloud,  San  Mateo 
County  (Big  Basin).  Colorado:  Colorado  Springs,  Fort  Garland,  Gun- 
nison National  Forest,  Indian  Creek,  Leavenworth  Valley,  Moffat, 
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Ouray,  Palmer  Lake,  San  Isabel  National  Forest,  San  Juan  National 
Forest,  Saguache.  Idaho:  Beaver  Canyon,  Centerville,  Bailey, 
Henrys  Lake  National  Forest,  Kooskia,  Kootenai,  Pioneenrille, 
Priest  River,  Sand  Point,  Smiths  Ferry,  Stites.  Montana:  Belton, 
Bozeman,  Middle  Creek  (Gallatin  County),  Ovando.  New  Mexico: 
Capitan,  Cloudcroft,  Sacramento  National  Forest,  Santa  Fe,  Ver- 
mejo.  Oregon:  Corvallis,  Detroit,  Grants  Pass,  Newport,  Slate 
Creek,  St.  Helena.  Utah:  Panguitch.  Washington:  Ashford,  Buck- 
eye, Des  Moines,  Dole,  Gray's  Harbor  City,  Hoquiam,  Junction, 
Kent,  Keyport,  Meredith,  New  London,  North  Bend,  Orting, 
Pialschie,  Port  Angelas,  Port  Williams,   Pullman,   Puyallup,   Rock 
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Fio.  7S.—Dendroctonus  pseudolsugst:  Distribution  map.    (Original.) 

Creek,  Satsop.  Additional  localities  from  other  collections:  (Le  Conte) 
Vancouver,  B.  C.  (U.S.N.M.)  Easton,  Wash.  ( II.  &  S.)  Hood 
River,  Oreg;  Beaver  Canyon,  Idaho.  (D.  A.)  Mount  Angel,  Oreg. 
(Soltau)  Seattle,  Wash.  (Wickham)  Leavenworth  Valley  and 
Kalispell,  Mont. 

Host  trees. — Pseudotsuga  taxifolia,  P.  macrocarpa9  and  Larix 
occidentalis. 

Identified  specimens. — Le  Conte,  6  specimens  (1  under  rufipennis, 
5  under  D.  similis);  Horn,  2;  A.  E.  S.,  5;  Dietz,  2;  U.S.N.M.,  7; 
H.  &.  S.,  2;  Soltau,  3  ;  Webb,  21;  Wickham,  2;  Laurent,  1;  D.  A.,  5; 
Hamilton,  1 ;  Hopk.  U.  S.,  over  700  specimens,  including  all  stages  and 
work. 
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1900-1907,  under  rufipennis).  Le  Conte,  1878,  p.  469  (in  part).  Packard,  1887, 
pp.  177,  243  (in  part?).  Hopkins,  1899b,  p.  15,  localities,  note.  Hopkins,  1904, 
p.  19,  reference. 

Dendroctonus  implex  (not  of  Le  Conte)  Dietz,  1890,  p.  31  (in  part),  Colorado,  Cali- 
fornia.   Wickham,  1902,  p.  310  (on  Dietz's  authority). 

Dendroctonus  pseudotsugx  Hopkins,  1901b,  p.  67,  brief  description  of  adult,  galleries, 
habits,  distribution,  etc.  Hopkins,  1903a,  p.  60,  habits,  comparison  with  D.  simi- 
lis, which=D.  obesus.  Hopkins,  1905,  pp.  10,  11,  brief  description,  habits,  etc. 
Hopkins,  1906a,  p.  4,  old  work. 

Dendroctonus  n.  sp.    (Douglas  spruce  beetle.)    Hopkins,  1904,  pp.  19,  45. 

14.    Dendroctonus  piceaperda  Hopkins. 

(PI.  V,  fig.  14.) 

Adult. — Type  of  species,  female:  Length,  5.75  mm.;  elytra  red, 
thorax,  head,  and  abdomen  black;  head  with  front  convex  and  with 
faint  median  and  posterior  impression  and  anterior  elevated  line. 
Elytral  declivity  with  striae  not  deeply  impressed;  epistomal  process 
broad,  concave,  with  the  lateral  section  oblique;  punctures  of  prono- 
tum  distinctly  irregular;  posterior  half  of  proepisternal  area  not 
punctured;  elytral  striae  distinctly  impressed  in  dorsal  and  lateral 
areas,  with  punctures  rather  coarse  and  distinct;  interspaces  slightly 
convex;  rugosities  acute,  rather  closely  placed,  irregular.  Secondary 
sexual  characters:  Declivity  convex;  striae  very  faintly  impressed, 
with  fine  indistinct  punctures;  interspaces  nearly  flat,  shining,  with 
approximate  row  of  fine  granules. 

Type  labeled  "Type  No.  7451  U.S.N.M.,"  name  label,  "Hopk. 
4/23/02,  compared  with  Kirby  type  rufipennis,  does  not  agree,  Picea 
canadensis,  Hopkins,  collector,  Camp  Caribou,  Me.,  9  type,  Hopk. 
U.  S.  326." 

Male  type:  Length,  5.6  mm.;  elytra  dark  reddish-brown;  thorax 
and  head  darker;  elytral  declivity  convex;  striae  not  impressed; 
punctures  obscure;  interspaces  flat,  shining,  and  finely  punctured, 
with  very  small  granules  toward  vertex. 

Type  labeled,  "  $  type,  type  of  drawing,"  name  label,  "Hopk. 
1/22/08,  Picea  canadensis,  Hopkins,  collector,  Camp  Caribou,  Me., 
3  type,  Hopk.  U.  S.  326." 

Variations. — The  length  varies  from  4.7  to  6  mm.,  with  the  average 
about  5.5  mm.  The  color  ranges  from  uniform  light  red  to  black,  to 
the  head,  thorax,  and  abdominal  sternites  dark  to  black,  with  the  ely- 
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tra  lighter  or  red.  The  sculpture  and  vestiture  of  the  epistoma,  front, 
pronotum,  and  elytra  vary  as  usual.  The  greatest  variation  is  in  size 
and  color. 

Distinctive  characters. — The  characters  which  distinguish  this  spe- 
cies from  the  next  are  its  smaller  average  size,  slightly  less  elongate 
form,  less  shining  elytra,  with  the  striae  more  distinctly  impressed  on 
the  sides  and  the  interspaces  slightly  more  convex  and  more  acutely 
rugose.  The  difference  is  not  so  perceptible  in  comparing  single  indi- 
viduals as  when  many  individuals  of  both  species  are  compared.  It 
differs  from  D.  borealis  by  the  noticeably  more  elongate  and  narrower 
pronotum,  and  from  species  17  to  21  it  is  distinguished  by  the  dis- 
tinctly impressed  lateral  striae  of  the  elytra,  except  D.  punctatus  Lee, 
which  is  at  once  recognized  by  the  coarse  punctures  of  the  declivital 
striae.  It  is  at  once  distinguished  from  D.  rvfipennis  (Kirby)  by  its 
smaller  size  and  coarsely  punctured  and  impressed  lateral  striae. 

Revisional  notes. — Probably  no  species  of  the  genus  has  been  in- 
volved in  so  much  confusion  as  this.  It  has  been  extensively  dis- 
cussed under  D.  rvfipennis,  and  confused  in  collections  with  several 
other  species  under  this  name.  There  are  three  specimens  in  the 
Le  Conte  collection  labeled  "Anticosti,"  which  were  evidently  the 
ones  referred  to  in  his  revision  (1876,  p.  385).  There  are  also  two 
specimens  without  locality  labels,  which  may  have  been  the  ones  from 
Colorado,  while  the  one  from  Alaska  is  here  referred  to  D.  borealis. 
The  smoother  and  more  shining  declivity  referred  to  by  Le  Conte  as  a 
distinguishing  character  relates  to  the  males  only.  It  is  represented 
in  the  Horn  collection  by  two  specimens  labeled  "Canada,"  under 
D.  rvfipennis,  which  were  therefore  evidently  included  in  Dietz's 
revision.  It  is  also  very  probable  that  the  specimens  from  New 
Brunswick  belonged  to  this  species. 

It  is  very  evident  that  the  barkbeetle  referred^to  under  D.  rvfipen- 
nis by  Peck,  Packard,  Hough,  and  other  authors  as  depredating 
on  the  spruce  of  New  Brunswick,  Canada,  New  England,  New  York, 
and  Pennsylvania  was  D.  piceaperda. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  apices  of  the  front  and  middle  femora  are  smooth; 
abdominal  tergites  2  to  6  with  very  small  pleural  spines;  1  without 
distinct  dorsal  or  lateral  spines;  2  to  3  without  dorsal,  but  with  two 
small  lateral  spines  each  side;  4  to  6  with  a  pair  of  very  small  dorsal 
and  three  or  four  small  lateral  spines  each  side;  7  and  8  smooth;  9  with 
usual  pleural  spines.     Pupal  type  labeled  "Hopk.  U.  S.  377." 

The  usual  variation  in  minor  details  prevails.  It  is  distinguished 
from  the  pupa  of  D.  engdmanni  by  the  less  impressed  vertex  of  the 
head  and  the  generally  smaller  spines  and  the  absence  of  dorsal 
spines  on  the  third  abdominal  tergite. 

Larva. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  front  has  a  slight  transverse,  rugose  elevation  situ- 
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ated  slightly  in  front  of  the  middle,  the  anterior  surface,  including  the 
elevation,  opaque.  The  area  behind  the  elevation  is  impressed  and 
shining;  clypeus  short,  broad,  with  median  groove  and  its  apex  sub- 
acutely  emarginate  (in  dried  specimens) ;  labrum  prominent,  its  ante- 
rior margin  sub  truncate;  mandibles  opaque,  with  slight  dorsal  impres- 
sion or  elevation;  sternellar  lobes  of  thoracic  segments  moderately 


prominent  and  with  distinct  foot  calli.  Larval  type  labeled  "Hopk. 
U.  S.  No.  318." 

The  most  distinctive  characters  are  the  opaque  mandibles  with 
moderate  impression  and  elevation,  and  the  distinctly  elevated  ante- 
rior margin  of  the  epicranium. 

Galleries  (fig.  79). — The  egg  galleries  are  short,  broad,  longitudinal, 
grooving  the  surface  of  the  wood  and  deeply  grooved  in  the  inner 
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bark,  the  larval  mines  exposed  and  the  pupal  cells  partially  to  entirely 
exposed.  The  eggs  are  closely  placed  in  large  groups,  and  the  larval 
mines  are  at  first  contiguous  or  nearly  so,  near  the  egg  gallery,  but 
soon  become  separated  and  when  completed  are  often  as  long  as  the 
egg  gallery  or  longer.  The  egg  galleries  differ  from  those  of  all  of  the 
species  of  subdivisions  A  and  B  in  being  very  much  broader  than  the 
diameter  of  the  beetle's  body.  This  broad  groove  is  packed  with 
borings,  through  which  a  central  gallery  is  excavated  by  the  parent 
beetle  after  the  eggs  have  been  deposited. 

Distribution  (fig.  80). — (Hopk.  U.  S.)  Maine:  Beaver  Pond,  Camp 
Caribou,  Cupsuptic,  Meadows.  Michigan:  Grand  Island,  Munising. 
New   Hampshire:  Waterville.     Additional  localities  from  specimens 
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Pio.  80.— Dendroctonus  picenprrda;  Distribution  map.    (Original.) 

identified  in  other  collections:  (Le  Conte)  Anticosti,  Canada.  (Horn) 
Canada.  (U.S.N.M.,  H.  &  S.)  Isle  Royale,  Mich.  (D.  A.)  Colebrook 
and  West  Stewartstown,  N.  II.     (Wenzel)  Ricketts,  Pa. 

It  is  evident  that  this  species  follows  the  distribution  of  tho  spruce 
from  the  higher  mountains  of  central  Pennsylvania  northward  and 
eastward  into  New  York,.  New  Hampshire,  Maine,  New  Brunswick, 
and  Canada,  and  westward  to  the  Lake  Superior  region. 

Host  trees. — Picea  rubens,  P.  canadensis,  and  P.  mariana. 

Identified  specimens. — Le  Conte,  3  specimens  from  Anticosti,  2  with- 
out label,  under  D.  rufipennis,  1  labeled  "N.  Y."  under  D.  punctatus 
(Mar.  11,  '07),  2  specimens  without  locality  labels  doubtfully  referred 
to  this  species;  Horn,  2  specimens  lal>eled  "Can.,"  under  D.  rufipen- 
nis; U.S.N.M.,  H.  &  S.,  1  specimen  labeled  "Isle  Royale;"  Weed  and 
79980-09 -10 
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Fiske,  12  specimens;  Hopk.  U.  S.,  over  300  specimens,  including  all 
stages  and  work. 

Bibliography  and  Synonymy. 

Hylurgus  rufipennis  (not  of  Kirby)  Peck,  1876,  pp.  283,  301,  destruction  of  spruce  in 
New  York  (evidently  the  work  of  D.  piceaperda  Hopk.).  Peck,  1879,  pp.  32-38, 
ravages  in  spruce  in  northern  wilderness  (same  as  1876?).  Packard,  1890,  pp.  814- 
815  (quotes  Peck,  ibid.).  Hough,  1882,  pp.  259-263,  insect  ravages  in  spruce 
forests  of  Maine. 

Dendroctonus  rufipennis  (not  of  Kirby)  Le  Conte,  1876,  p.  385,  revision,  synopsis, 
localities.  Lintner,  1885,  p.  54,  destruction  of  spruce  in  New  York.  Fletcher, 
1887,  pp.  39-40,  habits.  Dietz,  1890,  p.  30  (in  part),  Canada  and  New  Brunswick. 
Packard,  1887,  pp.  177-243  (in  part).  Packard,  1890,  p.  722  (in  part),  quotes 
Le  Conte.  Harvey,  1898,  p.  176,  depredations  on  spruce  in  Maine;  p.  98,  host, 
distribution,  etc.  Hopkins,  1898a,  p.  69,  distinct  from  simplex.  Weed  and  Fiske, 
1898,  pp.  67-69,  report  on  investigations.  Chittenden,  1898,  p.  96,  doubt  as  to 
Kirby's  species.  Smith,  1899,  p.  364,  Lakewood,  N.  J.  Hopkins,  1899a,  pp.  349- 
393  (in  part),  reference.  Hopkins,  1899c,  p.  343  (in  part?),  reference.  Chitten- 
den, 1899,  p.  56  (in  part?),  reference.  Johnson,  1901,  p.  92,  habits  in  Pa. 
Hopkins,  1905,  p.  6,  reference  to  wrong  determination.  Felt,  1906,  p.  753  (in 
small  part),  bibliography. 

Polygraphia  rufipennis  (not  of  Kirby)  Packard,  1890,  p.  721,  [fig.  2bl=Polygrap?nu 
rufipennis  (Kirby)],  Le  Conte  quoted  (includes  several  species). 

Xylotcru*  bivittatus  (not  of  Kirby)  Packard,  1890,  p.  823,  fig.  276  (in  part),  adult?;  PL 
XXIV,  fig.  1,  larva?,  1  a,  pupa?,  destruction  of  spruce. 

BarhbeeiUs.  Packard,  1890,  pp.  811-824  (in  part),  destruction  of  spruce,  New  Bruns- 
wick to  New  York. 

Dendroctonus  (Polygraphus)  rufipennis  (not  of  Kirby)  Cary,  1900,  pp.  52-54,  depre- 
dations on  spruce,  methods  of  control. 

Dendroctonus  piceaperda  Hopkins,  1901a,  p.  16,  PL  II,  larvae,  pupae,  adult,  etc., 
original  description,  different  stages  and  galleries,  with  full  account  of  habits,  host, 
natural  enemies,  methods  of  control,  etc.  (see  also  index  and  Pis.  I-V,  XIV,  XV). 
Hopkins,  1902b,  p.  21,  mention.  Hopkins,  1902a,  p.  3.  Hopkins,  1902c,  p.  22, 
habits,  etc.  Hopkins,  1903b,  pp.  266,  270,  281,  PL  XXVII,  figs.  23-25,  stages 
and  work  figured,  revised  account  of  habits,  life  history,  methods  of  control,  etc. 
Hopkins,  1904,  p.  26,  PL  I,  fig.  3,  Pis.  V,  XII,  fig.  1,  Pis.  XIII,  XIV,  XV,  stages 
and  work  (reprints),  habits,  hosts,  distribution,  etc.  Hopkins,  1905,  pp.  10,  11, 
distinctive  characters,  brief.  Felt,  1905,  pp.  6,  7,  habits  and  work.  Felt,  1906, 
pp.  379-385,  fig.  85  6,  history,  habits,  etc.  Hopkins,  1908,  pp.  160-161,  depreda- 
tions. 

15.    Dendroctonus  engelmanni  n.  sp. 

Adult. — Type  of  species,  female:  Length  6.2  mm.,  black.  Head 
with  front  convex,  faint  median  and  posterior  impression  and  faint 
anterior  line.  Elytral  declivity  with  striae  not  deeply  impressed; 
punctures  of  pronotum  distinctly  irregular;  posterior  half  of  proepi- 
sternal  area  not  punctured ;  punctures  of  prothorax  and  elytra  rather 
coarse;  striae  moderately  impressed;  interspaces  moderately  convex, 
and  scarcely  rugose,  except  on  dorsal  area.  Secondary  sexual  char- 
acters: Declivity  convex;  strife  rather  distinctly  but  not  deeply 
impressed;  punctures  distinct;  interspaces  with  rows  of  granules. 
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Type  labeled  "Type  No.  7452  U.S.N.M.,"  name  label,  "Hopk. 
1/22/08,  Picea  engdmanni,  Capitan,  N.  M.,  W.  F.  Fiske,  collector, 
9  ,  Hopk.  U.  S.  3958." 

Male  type :  Length  5.5  mm.  Front  without  anterior  line.  Elytra 
with  striae  less  distinctly  impressed  and  interspaces  less  convex  than 
in  female;  declivity  convex,  with  striae  and  strial  punctures  obscure; 
interspaces  flat,  shining,  finely  but  distinctly  punctured  and  without 
granules  except  on  vertex. 

Type  labeled,  "  $  type,"  name  label,  "Hopk.  1/22/08,  Picea  engd- 
manni, Capitan,  N.  M.,  W.  F.  Fiske,  collector,  <?  ,  Hopk.  U.  S.  3958." 
Variations. — The  length  varies  from  5  to  7  mm.,  with  the  average 
at  about  6.5  mm.  The  color  ranges  from  uniform  light  to  dark  red 
and  black,  to  black  head,  thorax,  and  abdomen,  and  red  elytra.  The 
sculpture  and  vestiture  of  the  epistoma  vary  as  usual,  with  the 
greatest  variation  in  size,  color,  and  punctures. 

Distinctive  characters. — The  characters  which  serve  to  distinguish 
this  species  from  the  one  preceding  are  the  larger  average  size, 
slightly  more  elongate  form,  more  shining  elytra,  with  the  lateral 
striae  somewhat  less  impressed,  the  punctures  usually  coarser,  and  the 
interspaces  less  acutely  rugose.  It  is  more  closely  allied  to  D.  obesus, 
from  which  it  is  distinguished  by  the  commonly  darker  prothorax, 
and  more  distinctly  impressed  lateral  striae  of  the  elytra,  with  coarser 
punctures. 

Revisional  notes. — This  species,  like  the  preceding,  has  been  involved 
in  the  confusion  in  revisions  and  collections  under  D.  rvfipennis. 
The  species  under  this  name  was  represented  in  the  Le  Conte  collec- 
tion by  two  specimens  labeled  "Alta,  Ut."  and  "Colo.,"  by  two  in 
Horn's  collection  labeled  "H.  B.,"  and  "Alta,  Ut.,"  and  by  one 
specimen  from  Doctor  Dietz,  labeled  "Ut."  These  were  doubtless 
involved  in  Le  Conte 's  and  Dietz's  revisions. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  apices  of  the  front  and  middle  femora  are  smooth ;  ab- 
dominal tergites  2  to  6  with  small  pleural  spines;  1  and  2  without 
dorsal  but  with  lateral  spines,  and  3  to  6  with  dorsal  and  lateral  spines ; 
7  and  8  smooth;  9  with  pleural  spines,  as  usual.  Pupal  type  labeled 
"Webb  No.  2." 

The  usual  variation  in  minor  details  prevails,  but  the  pupa  of  this 
species  is  distinguished  from  that  of  the  preceding  one  by  the  more 
distinctly  impressed  vertex  of  the  head,  the  generally  coarser  spines, 
and  the  presence  of  dorsal  spines  on  the  third  abdominal  tergite. 

Larva. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  front  has  a  transverse  rugose  elevation  situated  near 
the  middle;  the  anterior  surface,  including  the  elevation,  is  opaque; 
the  area  behind  the  elevation  is  impressed  and  shining,  clypeus 
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broad,  with  median  dorsal  groove  and  the  apex  subacutely  emar- 
ginate;  labrum  prominent,  its  anterior  margin  truncate;  mandibles 
opaque  toward  base,  more  shining  toward  apex,  with  a  distinct  dorsal 
impression  and  oblique  ridge  near  the  middle;  sternellar  lobes  of  the 
thoracic  segments  moderately  prominent  and  with  distinct  foot  calli. 

Larval    type    labeled  "Webb 
No.  2." 

The  most  distinctive  charac- 
ters separating  the  larva  of  this 
species  from  that  of  the  preced- 
ing one  are  the  more  shining 
mandibles,  with  much  deeper 
dorsal  impression  and  more 
prominent  oblique  ridge  and 
the  much  less  distinctly  ele- 
vated anterior  margin  of  the 
epicranium. 

Galleries  (fig.  81).— The  gal- 
leries of  this  species  are  very 
much  the  same  as  those  of  the 
preceding  one,  except  that  the 
larval  mines  are  more  distinctly 
contiguous  for  a  greater  dis- 
tance from  the  egg  galleries. 
Distribution  (fig.  82). — 
(Hopk.  U.  S.)  Arizona:  Chiri- 
cahua  Mountains.  Colorado: 
Clyde,  Boulder,  Craig,  Fort  Col- 
lins, Glenwood  Springs,  Gunni- 
son, Hahn's  Peak,  Holy  Cross 
National  Forest,  Meeker,  Ou- 
ray National  Forest,  San  Isabel 
National  Forest,  Steamboat 
Springs,  White  River  National 
Forest.  New  Mexico:  Capi- 
tan  Mountains,  Sierra  Blanca 
Mountains,  Sacramento  Na- 
tional Forest.  South  Dakota: 
Spearfish  Canyon,  Black  Hills. 
Utah:  Ephraim.  Wyoming:  En- 
campment. Additional  localities  from  specimens  in  other  collec- 
tions: (Horn)  "II.  B."  (Northwest  Territory,  probably  in  Macken- 
zie River  region)  and  Alta,  Utah.  (Wickham)  Argentine,  Leadville, 
and  Silver  Plume,  Colo.  (Cockerell)  Las  Vegas,  N.  Mex.  '(H.  &  S.) 
Calgary,  Alberta;  Glacier,  British  Columbia.     (Webb)  Collins,  Idaho. 


Fig.  81.— Dendroctonus  engdmanni'  Egg  gallery  In  liv- 
ing bark.  A,  Normal;  B,  boring  dust  removed;  o, 
entrance;  b,  basal  section;  c,  boring  dust  packed  in 
gallery;  d,  subsequent  or  inner  gallery;  e,  venti- 
lating burrow;/, egg  nest,  with  and  without  eggs;  g, 
freshly  hatched  larvsc;  h,  pits  in  roof  of  gallery. 
(Original.) 
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Host  trees. — Picea  engelmanni  and  P.  canadensis. 

Identified  specimens. — Le  Conte  collection,  2  specimens;  Horn,  2; 
Dietz,  1  (Utah);  U.S.N.M.  (H.  &  S-),  4;  Wickham,  4;  Cockerell,  7; 
Webb,  25;  Hopk.  U.  S.,  more  than  200  specimens,  including  all 
stages  and  work. 
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Fig.  82.— Dendroctonus  engelmanni'  Distribution  map.    (Original.) 

Bibliography  and  Synonymy. 

Dendroctonus  rufipennis  (not  of  Kirby)  Le  Conte,  1876,  p.   385,  revision  (?).     Le 

Conte,  1878,  p.  469   (in  part)  (in  collection  1900-1907,  under  D.  rufipennis). 

Packard,  1887,  pp.  177-243  (in  part).     Packard,  1890,  p.  721  (in  part),  p.  722  (in 

part),  quotes  Le  Conte.     Dietz,  1890,  p.  30,  Colorado,  Utah.    Wickham,  1902,  p. 

309,  list,  localities. 
Dendroctonus  dielzi  Hopkins,  1902a,  manuscript  name  only  for  variation  (Utah). 
DendroctoniL8  cali/ornicus  Hopkins,  1902a,  p.  3,  manuscript  name  only,  locality. 
Dendroctonus  wickhami  Hopkins,  1902a,  p.  3,  manuscript  name  only. 
Dendroctonus  piceaperda  (not  of  Hopkins)  Wickham,  1902,  p.  310,  in  list,  locality, 

host,  reference  to  synonymy.     Hopkins,  1906a,  pp.  4,  5,  old  work  on  Pike's  Peak. 
Dendroctonus  piceaperda  var.  engelmanni  (Hopk.)  Fall,  1907,  p.  218,  manuscript  name, 

list,  localities. 
Dendroctonus  piceaperda  (not  of  Hopkins)  var.     Fall,  1907,  p.  218,  list,  Cloudcroft, 

N.  Mex. 
The  Engelmann  spruce  beetle.     Hopkins,  1908,  pp.  161-162,  depredations. 

16.    Dendroctonus  borealis  n.  sp. 

(PI.  V,  flg.  16.) 

Adult. — Type  of  species,  female:  Length  6  mm.,  nearly  black. 
Head  with  front  convex,  with  faint  anterior  and  posterior  impressions 
and  faint  anterior  line;  elytral  declivity  with  striae  not  deeply  im- 
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pressed;  punctures  of  pronotum  distinctly  irregular;  posterior  half 
of  proepisternal  area  not  punctured;  punctures  of  pronotum  and 
elytra  moderately  coarse;  elytral  stri®  scarcely  impressed  except  in 
dorsal  area;  interspaces  scarcely  coarser  and  but  faintly  rugose, 
except  toward  base  and  vertex.  Secondary  sexual  characters :  Elytral 
declivity  convex;  strire  faintly  impressed,  with  punctures  moderately 
distinct;  interspaces  slightly  convex,  with  distinct  row  of  granules. 

Type  labeled  "Type  No.  7453  U.S.N.M.,"  name  label,  "Hopk. 
1/22/08,  U.S.N.M.  22,  Alaska,  9  ,  U.S.N.M.  Ace.  25431." 

Male  type:  Length  6  mm.,  elytra  red;  thorax,  head,  and  abdomen 
much  darker;  other  characters  the  same  as  in  female,  except  elytral 
declivity,  which  is  shining,  the  striae  and  strial  punctures  obscure; 


Fig.  83.—Dmdroctonu3  borealis:  Distribution  map.    (Original.) 

interspaces  flat,  shining,  and  1  and  2  without  granules  except  toward 
vertex. 

Male  type  labeled  "type  of  drawing/'  "  $  type,"  name  label, 
"Hopk.  1/22/08,  Picea  canadensis,  Eagle,  Alaska,  W.  H.  Osgood, 
collector,  &  ,  Hopk.  U.  S.  1170a." 

Variations, — There  is  scarcely  any  variation  in  the  four  specimens 
in  the  collections,  but  the  color  varies  from  nearly  black  in  the  type 
to  the  head,  thorax,  and  abdomen  dark,  and  the  elytra  red  in  the  other 
specimens. 

Distinguishing  characters. — The  short,  stouter  form,  short  and  broad 
pronotum,  with  the  punctures  more  uniform  in  size,  the  punctures  of 
the  dorsal  stria?  of  the  elytra  finer  and  less  distinct,  serves  to  distin- 
guish this  species  from  all  of  the  allied  forms.  It  appears  to  be  more 
closely  allied  to  D.  obesus,  but  is  distinguished  from  it  by  its  shorter 
pronotum  and  elytra,  and  the  other  characters  mentioned. 
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Bevisional  notes. — It  is  quite  evident  that  the  specimens  described 
by  Mannerheim  (1853,  p.  238)  under  D.  rufipennis  are  D.  borealis.  The 
single  specimen  in  Le  Conte' s  collection  under  D.  rufipennis,  labeled 
"Hylurgus  rufipennis  Kirby,"  and  locality  Kenai,  is  evidently  from 
Mannerheim's  collection,  and  probably  one  of  the  specimens  before 
him  when  he  prepared  his  description  under  that  name.  Superfi- 
cially, this  specimen  resembles  D.  piceaperda,  which  led  Le  Conte  to 
identify  his  Anticosti  and  Canada  specimens  as  D.  rufipennis,  and  is 
evidently  the  one  which  represented  the  Alaska  locality  in  his  revi- 
sions (1868  and  1876). 

The  immature  stages  and  galleries  of  this  species  have  not  been 
observed. 

Host  tree. — Picea  canadensis. 

Distribution  (fig.  83). — Alaska:  Eagle,  (?)  Kenai  Peninsula. 

Identified  specimens. — Le  Conte,  1  specimen;  U.S.N.M.,  2;  Hopk. 
U.  S.,  2,  collected  by  W.  H.  Osgood,  of  the  Biological  Survey,  U.  S. 
Department  of  Agriculture,  at  Eagle,  Alaska,  August,  1903,  from 
white  spruce. 

Bibliography  and  Synonymy. 

Hylurgtts  rufipennis  (not  of  Kirby).  Mannerheim,  1853,  p.  —  (in  part). 
Dendroctonus  rufipennis  (not  of  Kirby).  Le  Conte,  1868-1876  (in  part). 
Dendroctonus  borealis  Hopkins,  1902a,  p.  3,  manuscript  name  only. 

17.    Dendroctonus  obesus  (Mannerheim). 

(PI.  VI,  fig.  17.) 

Adutt.r- Typical  female:  Length  6.5  mm.,  nearly  black.  Head  with 
front  convex,  with  faint  anterior  and  posterior  impression  and  mod- 
erately distinct  anterior  line.  Elytral  declivity  with  striae  not  deeply 
impressed;  punctures  of  prono turn  distinctly  irregular;  posterior  half 
of  proepisternal  area  not  punctured;  punctures  of  pronotum  and 
elytra  moderately  coarse;  elytral  striae  scarcely  impressed;  inter- 
spaces flat,  finely,  sparsely  rugose  on  dorsal  area  and  toward  base  of 
vertex.  Secondary  sexual  characters:  Declivity  convex,  subopaque; 
striae  faintly  impressed,  with  punctures  moderately  distinct;  inter- 
spaces faintly  convex,  with  distinct  row  of  granules. 

Typical  female  labeled,  name  label,  "Hopk.  1/22/08,  Picea  sitch- 
ensis,  Queen  Charlotte  II.,  Keen  [collector],  9 ." 

Typical  male:  Length  6.7  mm.,  black.  Front  convex,  with  faint 
anterior  impression  and  distinct  anterior  line.  Agrees  with  female, 
excepting  that  the  punctures  of  elytral  striae  and  interspacial  rugosi- 
ties are  coarser;  declivity  subopaque;  strial  impressions  and  punc- 
tures obscure;  interspaces  flat,  faintly  punctured,  and  with  a  few 
granules  toward  vertex;  pronotum  with  distinctly  elevated  line. 

Typical  male  labeled,  name  label,  "  1/22/08,  Picea  sitchensis,  Queen 
Charlotte  II.,  J.  H.  Keen,  Collr.,  $  ." 
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Variations. — The  length  varies  from  6  to  7  mm.,  with  the  average 
about  6.5  mm.  The  color  ranges  from  uniform  light  red  to  brown  in 
young  specimens,  to  uniform  black  in  matured  ones,  it  being  exceed- 
ingly rare  to  find  examples  with  the  pronotum  darker  than  the  elytra, 
which  is  so  characteristic  in  the  three  preceding  species.  The  sculp- 
ture and  vestiture  of  the  epistoma,  front,  pronotum,  and  elytra  vary 
as  usual.  The  greatest  variation  is  in  the  punctures  of  the  pronotum 
and  in  the  presence  and  absence  of  the  dorsal  line;  the  presence  or 
absence  of  a  frontal  carina  is  also  an  important  variation,  and  in  some 
examples  the  body  is  noticeably  more  elongate  than  in  others. 

Distinctive  characters. — The  characters  which  serve  to  distinguish 
this  species  from  the  three  preceding  are  the  uniform  black  color  of 
the  matured  adults  and  the  prevailingly  less  impressed  elytral  stri«, 
especially  those  of  the  lateral  area,  and  also  the  prevailing  slightly 
more  elongate  form.  Its  host  tree  and  distribution  also  serve  as 
distinguishing  characters,  except,  perhaps,  in  the  case  of  borealis, 
which  may  be  found  in  the  Sitka  spruce. 

Revisional  notes. — There  can  be  little  or  no  doubt  that  the  material 
under  observation  represents  Mannerheim's  species,  whose  varieties 
a,  b,  and  c  were  evidently  immature  specimens.  D.  similis  Lee.  is 
to  be  referred  to  this,  which  fact  was  recognized  by  Le  Conte  in  his 
1868  paper,  but  the  beetle  was  subsequently  confused  with  the 
species  discussed  in  the  present  paper  under  D.  pseudotsugx.  D.  obesus 
is  represented  in  the  Le  Conte  collection  by  two  specimens,  one 
specimen  from  Mannerheim's  collection,  labelled  D.  obesus  ("  Speci- 
men 5"  under  D.  rujipennis  in  1900),  and  one  specimen,  the  type 
of  D.  similis.  It  is  possible  that  "  specimen  2"  under  D.  rujipennis 
is  also  D.  obesus,  but  was  not  recognized  by  the  writer  when  ex- 
amined in  1900.  Dietz,  1890,  did  not  recognize  or  mention  D.  obesus, 
and  it  was  not  found  by  the  writer  in  the  Horn  collection  or  that  of 
the  Academy  of  Natural  Sciences. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  apices  of  the  front  and  middle  tibiae  are  smooth  or 
rarely  with  a  single  granule,  abdominal  tergites  2  to  6  with  very 
small  pleural  spines,  1  without  dorsal  but  with  small  lateral  spines, 
and  2  to  6  with  dorsal  and  lateral  ones,  7  and  8  smooth,  9  with 
prominent  pleural  spine  as  usual.  Pupal  type  labeled  "Hopk.  U.  S. 
No.  4049a." 

The  usual  variation  in  minor  details  prevails,  but  the  pupa  of 
this  species  is  distinguished  from  that  of  the  three  preceding  by  the 
more  evident  lateral  spines  of  the  first  abdominal  tergite  and  the 
prevailing  darker  tips  to  the  abdominal  spines. 

Larva. — In  addition  to  the  generic,  divisional,  subdivisional,  and 
sectional  characters,  the  front  has  a  faint  transverse  elevation  dis- 
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tinctly  in  front  of  the  middle  and  the  pronotal  area  is  flat  to  apex. 
The  clypeus  is  short  and  broad,  with  an  anterior  dorsal  groove  and 
the  apex  broadly  emarginate,  labium  prominent,  slightly  longer  than 
the  clypeus,  with  the  apex  broadly  rounded.  Larval  types,  labeled 
"Hopk.  U.  S.  Nos.  4081,  4046a,  and  4049a." 

The  most  distinctive  characters  appear  to  be  the  anteriorly  placed 
transverse  elevation  of  the  front ;  the  characters  of  the  mandibles  and 
anterior  margin  of  the  epicranium  more  nearly  approach  those  found 
mD.engdmami. 

Galleries. — The  galleries  of  this  species  are  of  the  same,  or  of 
similar  character  to  those  of  D.  pice&perda,  as  given  in  divisional, 


Fig.  84.— Dcndroctonus  obents:  Distribution  map.    (Original.) 

subdivisional,  or  sectional  characters,  but  differ  in  the  more  extended 
common  larval  chamber  which  precedes  the  independent  larval 
mines  which  are  usually  so  confused  by  crossing  each  other  that  they 
are  difficult  to  follow. 

Distribution  (fig.  84). — (Hopk.  U.  S.)  Oregon:  Newport.  Wash- 
ington: Hoquiam,  Aberdeen.  Additional  localities  from  other  col- 
lections: (U.S.N.M.)  (II.  &  S.)  Vancouver,  British  Columbia;  (Rev. 
Keen)  Queen  Charlotte  Islands,  British  Columbia. 

Host  tree. — Picea  sitchensis. 

Identified  specimens. — Le  Conte  collection,  2  specimens:  U.S.N.M., 
1  from  Doctor  Fletcher;  II.  &  S.,  3;  Hopk.  U.  S.,  more  than  120 
specimens,  including  all  stages. 
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Bibliography  and  Synonomy. 

Hylwrgus  obesus  °  Mannerheim,  1843,  p.  296,  original  description.  Mannerheim, 
1852,  p.  356,  spec.  474,  list,  variety  b  and  variety  c,  brief  descriptions.  Man- 
nerheim, 1853,  p.  238,  separate  p.  146,  list,  var.  d  described.  Le  Conte,  1868, 
p.  173,  mentioned,  synonymy. 

Dendroctonus  similis  Le  Conte,  1860,  p.  59,  description  (from  one  specimen  which = 
D.  obesus).  Le  Conte,  1868,  p.  173,  mentioned  as  synonymous  with  D.  obesusMaiw. 
Hopkins,  1902a,  p.  3,  recognized  as  synonymous  with  D.  obesus  (Mann.). 

Dendroctonus  obesus  (Mann.)  Le  Conte,  1868,  p.  173  (in  part).  Chapuis,  1869,  p.  35; 
1873,  p.  243,  revised  description.  Hamilton,  1894,  p.  35  (in  part).  Hopkins, 
1899b,  pp.  15,  21,  habits,  host,  etc.  Schwarz,  1900a,  p.  537,  author's  reprint  p. 
185  (in  part),  list.  Hopkins,  1902a,  p.  3,  species  recognized  as  distinct  from  D. 
rufipennis  Kirby.  Hopkins,  1902c,  p.  22,  habit  and  host.  Hopkins,  1903a,  p. 
60,  reference. 

Dendroctonus  rufipennis  (not  of  Kirby).  Le  Conte,  1868,  p.  173  (?=D.  obesus). 
Le  Conte,  1876,  p.  385,  revision,  synonymy,  bibliography,  localities  (in  collection 
1900-1907,  under  rufipennis).    Packard,  1887,  pp.  176,  243  (in  part?). 

Dendroctonus  rufipennis  (obesus  Mann.)  Harrington,  1890,  p.  189,  author's  extra,  p.  19. 

Dendroctonus  keeni  Hopkins,  1902a,  p.  3,  manuscript  name  only  on  variation. 

Dendroctonus  fletcheri  Hopkins,  1902a,  p.  3,  manuscript  name  only  on  variation. 

18.    Dendroctonus  rufipennis  (Kirby). 

(PI.  VI,  fig.  18.) 

Adult — Typical  female:  Length  6.2  mm.  Elytra  red;  thorax, 
head,  and  abdomen  reddish  brown.  Head  convex,  with  faint  ante- 
rior and  posterior  impression  and  short  anterior  line;  elytral  declivity 
with  striae  not  deeply  impressed;  punctures  of  pronotum  distinct, 
irregular;  posterior  half  of  proepisternal  area  punctured;  striae  of 
elytral  declivity  with  fine  punctures;  elytral  striae  scarcely  impressed, 
except  toward  suture;  strial  punctures  moderately  coarse;  inter- 
spaces with  rugosities  moderately  coarse,  sparse,  and  acute;  pronotal 
punctures  coarse,  deep,  moderately  dense.  Secondary  sexual  char- 
acters: Elytral  declivity  convex;  striae  faintly  impressed;  punctures 
obscure;  interspaces  faintly  convex,  with  row  of  fine  granules. 

Typical  female  labeled  "type  of  drawing,"  name  label,  "Hopk., 
4/25/02.  Agrees  with  Kirby's  type,  compared  by  C.  O.  Waterhouse, 
H.  S.  28,  9  ,  White  Fish  Point,  L[ake]  Superior]." 

Typical  male:  Length  6.7  mm.  Elytra  dark  red,  thorax  and  head 
reddish  brown.  Agrees  with  female,  excepting  that  the  elytral 
declivity  is  more  shining,  the  strial  punctures  are  less  distinct,  and  the 
interspaces  have  less  distinct  rows  of  granules. 

Typical  male  labeled,  name  label,  "Hopk.  1/22/08,  Pinus  strobus, 
Grand  Island,  Mich.,  W.F.Fiske,  collector,  a ,  Hopk.  U.  S.  3761." 

Variations. — The  length  varies  from  5  to  7.3  mm.,  with  the  average 
at  about  6.5  mm.,  the  head,  thorax,  and  ventral  segments  from 

a  This  was  Eschscholtz's  manuscript  name,  published  in  Dejean  Cat.,  3me.  Edit., 
p.  331,  but  Mannerheim  published  the  first  description. 
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darker  reddish  brown  to  nearly  black,  while  the  elytra  are  light  to 
dark  red.  The  greatest  variation  noted  in  the  few  specimens  under 
observation  is  in  size,  with  less  variation  in  sculpture  and  vestiture 
than  in  the  preceding  species,  Nos.  14,  15,  and  17. 

Distinctive  characters. — The  characters  which  serve  to  at  once  dis- 
tinguish this  species  from  the  preceding  allied  ones  are  the  coarse 
punctures  of  the  posterior  section  of  the  proepisternal  area,  the  more 
distinctly  red  elytra,  the  bright-red  hairs,  and  the  much  less  distinctly 
impressed  elytral  striae  of  the  lateral  area. 

Revisional  notes. — There  is  quite  extensive  literature  under  the 
name  Hylurgus  rufipennis  Kirby  and  Dendroctonus  rufipennis  Kirby. 
Apparently  no  part  of  it  except  the  original  description  refers  to 
Kirby's  species,  and  even  the  type  series  in  the  British  Museum  repre- 
sents at  least  one  other  species.  It  appears  that  up  to  the  fall  of  1906 
the  only  representative  of  the  species  in  the  collections  of  this  country 
was  a  female  specimen  in  the  Hubbard  &  Schwarz  collection,  U.  S. 
National  Museum,  labeled  "  White  Fish  Point,  L.  S."  This,  with  other 
specimens  of  the  Dendroctonus  of  the  U.  S.  National  Museum  and  Hub- 
bard &  Schwarz  collections,  was  submitted  to  the  writer  in  December, 
1898,  for  study,  and  was  then  labeled  "  H.  S.  28."  In  1900  this  speci- 
men, together  with  another  labeled  "H.  B."  (Northwest  Territory) 
from  the  National  Museum  collection,  and  some  specimens  collected 
by  the  writer  from  the  spruce  in  Maine,  were  sent  to  the  British 
Museum  for  comparison  with  Kirby's  type  of  D.  rufipennis.  They 
were  compared  by  Mr.  Charles  O.  Waterhouse  who,  in  a  letter  dated 
November  1,  1900,  wrote  as  follows: 

I  have  examined  your  species,  but  am  only  concerned  with  your  two  largest  speci- 
mens. We  have  three  of  the  specimens  which  Kirby  had  before  him,  all  marked 
exactly  alike.  The  one  to  which  he  attached  his  ticket  is  a  dark-brown  variety  (unless 
it  is  stained  with  grease),  but  in  all  other  respects  agrees  with  your  H.  S.  28,  with 
fairly  equally  distributed  punctuation  on  the  thorax.  Kirby's  two  other  specimens 
have  red  elytra  and  agree  with  your  H.  B.  7401,  824,  and  have  a  closely  punctured 
impression  or  flattening  at  the  base  of  the  thorax. 

The  specimen  in  the  type  series  which  bore  the  name  label  when  the 
comparison  was  made  should  be  recognized  as  the  type.  Thus  it  is 
quite  certain  that  our  H.  S.  28  from  White  Fish  Point,  Lake  Superior, 
is  a  true  representative  of  the  species,  while  the  two  other  specimens 
with  which  our  H.  B.  7401,  824,  etc.,  agree  evidently  represent  D.  enr 
gdmanni  and  are  probably  the  specimens  referred  to  by  Kirby  as 
coming  from  Lat.  65°.  The  writer  is  informed  by  Mr.  Schwarz  that 
our  H.  B.  (No.  7401)  specimen  came  from  about  the  same  latitude. 
The  other  specimens  from  Maine,  which  were  so  different  from  the 
type  as  to  be  at  once  recognized  as  distinct,  were  representatives  of 
D.  piceaperda  Hopk. 

The  pupae,  larvae,  and  galleries  have  not  been  observed. 
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Distribution  (fig.  85). —  Michigan:  White  Fish  Point  and  Grand 
Island. 

Host  tree. — Pinus  strobus. 

Identified;  specimens. — U.S.N.M.,H.  &  S.,  1  specimen;  Hopk.  U.  S., 
14  specimens  of  adults,  collected  by  W.  F.  Fiske  at  Grand  Island,  Mich. 

Bibliography. 

Eylvrgus  rufipennis  Kirby,  1837,  p.  195,  No.  261,  original  description.  Packard, 
1887,  p.  176,  note.  Hopkins,  1899c,  p.  343  (in  part?).  Schwarz,  1900a,  p.  537, 
author's  copy,  p.  185  (in  part?).  Hopkins,  1901a,  p.  16,  reference  to  distribution, 
characters,  first  time  recognized  since  description. 


Fig.  85.—Den4roctonu8  rufipennis:  Distribution  map.    (Original.) 
19.     Dendroc tonus  murrayansB  n.  sp. 

» 

Advlt. — Type  of  species,  female:  Length,  6.9  mm;  elytra  red; 
thorax,head,  and  abdomen  nearly  black.  Head  convex,  with  obscure 
impression;  elytral  declivity  with  striae  not  deeply  impressed;  punc- 
tures of  pronotum  distinct,  coarse,  irregular;  posterior  half  of  pro 
episternal  area  punctured;  stria?  of  elytral  declivity  with  fine 
punctures;  elytral  striae  scarcely  impressed;  punctures  moderately 
coarse;  interspaces  with  rugosities  moderately  coarse,  acute,  and 
rather  coarsely  placed;  pronotal  punctures  coarse,  deep,  moderately 
dense.  Secondary  sexual  characters:  Elytral  declivity  convex; 
striae  distinctly  impressed;  punctures  obscure;  interspaces  convex, 
with  irregular  punctures  and  rows  of  granules. 

Type  labeled  "No.  7454  U.S.N.M.,"  name  label,  "Hopk.  1/22/08, 
Pinus  murrayanaj  Keystone,  Wyo.,  J.  L.  Rebmann,  collector,  9, 
Hopk.  U.  S.  2690." 
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Male  type:  Length,  6.5  mm.  Agrees  with  female,  except  that  the 
elytral  declivity  is  more  shining  and  the  interspaces  are  more  dis- 
tinctly punctured  and  less  rugose. 

Type  labeled  "  $  type,"  otherwise  same  as  female. 

Variations. — The  length  varies  from  5.4  to  6.5  mm.,  with  the  aver- 
age about  6  mm.;  the  head,  thorax,  and  ventral  segments  are  dark 
reddish  brown  to  black,  while  the  elytra  are  light  to  dark  red.  The 
greatest  variation  noted  in  the  few  specimens  under  observation  is  in 
the  size,  with  less  variation  in  sculpture  and  vestiture  than  in  species 
Nos.  14,  15,  and  17. 

Distinctive  characters. — The  characters  which  serve  to  distinguish 
this  species  from  D.  rvfipennis,  to  which  it  is  more  closely  allied,  are 
its  slightly  smaller  size  and  more  distinctly  impressed  elytral  striae 


Fig.  Sft.—Dcndrodonus  mumyaruc:  Distribution  map.    (Original.) 

on  the  dorsal  and  lateral  areas  and  the  finely,  densely  punctured 
interspaces  of  the  declivity  in  the  male. 

It  appears  that  this  species  has  not  been  referred  to  in  literature. 

The  pupa  has  not  been  observed. 

Larva  (PI.  VIII,  fig.  19). — In  addition  to  the  generic,  divisional, 
and  subdivisional  characters,  the  front  has  an  impression  toward  the 
anterior  angles  and  a  faint  transverse  elevation  in  front  of  the  middle. 
The  clypeus  is  longer  than  the  labrum  and  marked  with  a  median 
groove,  and  with  the  apex  broadly  emarginate;  labrum  with  apex 
faintly  emarginate,  and  the  mandibles  with  distinct  dorsal  impres- 
sion.    Larval  type  labeled  "Hopk.  U.  S.  No.  2690c." 

Galleries. — Only  fragmentary  specimens  of  the  galleries  have  been 
observed,  but  they  appear  to  come  between  piceaperda  and  valens, 
the  larvae,  for  the  most  part,  excavating  a  common  chamber. 
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« 

Distribution  (fig.  86). — (Hopk.  U.  S.)  Wyoming:  Homestake,  Sar- 
atoga, Keystone,  Cheyenne  National  Forest,  and  Big  Horn  National 
Forest.  Colorado:  Jefferson.  Additional  localities  from  other  col- 
lections: (U.S.N.M.)  (H.  &  S.),  National  Park,  Wyoming. 

Host  trees. — Pinus  murrayana  and  Picea  engdmanni. 

Identified  specimens. — H.  &  S.,  5;  Hopk.  U.  S.,  over  100  specimens, 
including  adults,  larvae,  and  work. 

Bibliography. 
Dendroctonu8  shoshone  Hopkins,  1902a,  p.  3,  manuscript  name  only. 

20.    Dendroctonus  punctatus  Le  Conte. 

(PI.  VI,  fig.  20.) 

Adult. — Typical  female:  Length  6.5  mm.,  dark  reddish  brown- 
Head  convex,  with  moderately  distinct  anterior  impression.  Elytral 
declivity  with  striae  distinctly  impressed.  Punctures  of  pronotum 
distinct,  coarse,  irregular;  posterior  half  of  proepisternal  area  punc- 
tured; striae  of  elytral  declivity  with  coarse  punctures;  elytral  striae 
distinctly  impressed;  punctures  coarse  and  distinct;  interspaces 
rather  narrow,  convex,  moderately  rugose  on  dorsal  area,  but  nearly 
smooth  on  lateral  area.  Secondary  sexual  characters:  Declivity 
convex,  shining;  striae  distinctly  but  not  deeply  impressed;  punc- 
tures coarse  and  distinct;  interspaces  narrow,  convex,  with  row  of 
granules. 

Typical  female  labeled  "type  of  drawing,"  name  label,  "Hopk. 
4/25/02,  Picea  rubens,  Randolph  County,  W.  Va.,  A.  D.  Hopkins, 
collector,  9  ,  Hopk.  W.  Va.  6312." 

Variations. — There  appears  to  be  very  little  variation  in  the  few 
specimens  observed. 

Distinctive  characters. — This  species  is  at  once  distinguished  from 
all  of  the  preceding  by  the  coarse  punctures  of  the  elytral  striae, 
especially  on  the  declivity.  Its  nearest  ally  is  D.  micans,  of  Europe, 
from  which  it  differs  in  its  smaller  size,  more  elongate  form,  and 
more  distinctly  impressed  elytral  striae. 

Revisional  notes. — While  the  original  description  does  not  include 
the  more  distinctive  characters,  it  was  based  on  a  type  which  was 
readily  recognized  as  a  distinct  species.  Dietz  referred  the  specimen 
in  the  Horn  collection,  labeled  D.  punctatus  Lee.,  to  D.  rufipennis 
(Kirby),  but  it  is  certainly  distinct  from  what  is  now  recognized  as 
D.  rufipennis. 

Host  tree. — Picea  rubens. 

Pupae,  larvae,  and  galleries  of  this  species  have  not  been  observed. 

Distribution  (fig.  87). — (Hopk.,  W.  Va.)  1  specimen  collected  by 
the  writer  May  21,  1892,  in  the  high  mountains  of  Randolph  County, 
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West  Virginia,  under  bark  on  spruce  stump.  (Le  Conte,  M.  C.  Z.) 
3  specimens  labeled  "New  York";  (Horn,  A.  E.  S.)  1  specimen 
labeled  "Pa." 

Bibliography  and  Synonymy. 

Dendroctontts  punctatu*  Le  Conte,  1868,  p.  173,  original  description,  synonymy, 
locality.  Le  Conte,  1876,  p.  385,  revision,  synonymy,  bibliography,  localities. 
Packard,  1887,  p.  177,  Le  Conte  quoted.  Packard,  1890,  p.  722,  Le  Conte  quoted. 
Hopkins,  1899a,  p.  447,  habit,  etc.,  West  Virginia.  Hopkins,  1902a,  p.  3,  recog- 
nized as  a  good  species  and  restored. 

Dendroctonus  rufipennis  (not  of  Kirby)  Dietz,  1890,  p.  30,  Pennsylvania. 


Flo.  87.— Dendroctonua  pundotus:  Distribution  map.    (Original.) 
21.    Dendroctonua  micans  (Kugelann). 

(PL  VI,  fig.  21.) 

Adult. — Typical  female:  Length  7.25  mm.,  dark  reddish  brown. 
Head  convex,  with  faint  anterior  impression,  without  anterior  line; 
elytral  declivity  with  striae  not  deeply  impressed;  punctures  of 
pronotum  distinct,  coarse,  irregular;  posterior  half  of  proepisternal 
area  punctured;  striae  of  elytral  declivity  with  coarse  punctures; 
elytral  striae  not  impressed,  punctures  moderately  coarse,  interspaces 
broad  and  flat,  sparsely  and  finely  rugose.  Secondary  sexual  charac- 
ters: Elytral  declivity  convex,  subopaque;  striae  faintly  impressed; 
punctures  coarse  and  distinct;  interspaces  moderately  convex,  with 
sparse,  irregular  granules. 

Typical  female  labeled  "type  of  drawing/'  name  label,  "Hopk. 
4/25/02,  ?  .     Determination  No.  20,  Eichhoff,  Sachsen,  Horning." 
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Typical  male:  Length  6  mm.,  black.  Agrees  with  female  in  every 
respect,  except  that  it  may  have  stouter  mandible,  the  club  of  antenna 
smaller,  more  elongate;  the  declivity  of  elytra  with  strial  punctures 
finer,  and  the  interspaces  without  granules. 

Typical  male  labeled  "  $ ,  from  Dr.  Severin." 

Variations. — Length  7  to  8  mm.,  average  about  7.5  mm.;  uniform 
reddish  brown  to  nearly  black,  with  usual  variation  in  sculpture  and 
vestiture. 

Distinctive  characters. — This  species  is  more  closely  allied  to  D. 
punctatus  than  to  any  of  the  other  species  of  the  genus,  from  which 
it  is  distinguished  by  its  larger  size  and  stouter  form,  with  the  striae 
scarcely  at  all  impressed,  and  the  punctures  smaller. 

The  male  of  this  species  appears  to  be  far  more  rare  than  in  the 
other  species,  from  the  fact  that  among  83  specimens  examined  only 
2  males  were  found.  While  the  declivity  is  somewhat  more  shining 
and  smoother  in  the  male,  this  character  is  by  no  means  as  striking 
as  in  the  other  species  of  the  section  to  which  it  belongs. 

The  pupa  has  not  been  studied  by  the  writer,  but  is  evidently 
similar  in  general  character  to  that  of  D.  piceaperda. 

Larva. — Abdominal  tergite  8  without,  9  with,  small  dorsal  plate, 
which  is  not  rugose.  Front  with  distinct  elevation.  In  addition  to 
the  generic,  divisional,  and  subdivisional  characters,  the  frontal 
elevation  is  subopaque,  transversely  wrinkled,  situated  in  front  of 
the  middle  and  joined  to  the  epistoma;  lateral  angles  are  curved 
back  to  their  junction  wTith  the  frontal  sutures,  which  are  broadly 
curved  toward  the  apex.  The  area  behind  the  elevation  is  broad, 
flat,  and  more  shining.  Clypeus  broad,  with  faint  median  groove 
and  the  apex  broadly  emarginate.  Labrum  small,  rather  stout,  with 
broad  dorsal  impression,  the  apex  subtruncate;  mandibles  shining, 
with  a  distinct  dorsal  impression  and  oblique  ridge  near  the  middle; 
sternellar  lobes  of  the  thoracic  segments  moderately  prominent  and 
with  distinct  foot  calli. 

Type. — One  of  a  large  series  of  larvee  received  from  Dr.  G.  Severin, 
conservateur,  Royal  Museum  of  Natural  History,  Belgium. 

The  larva  of  this  species  is  at  once  distinguished  from  that  of  all 
of  the  other  species  of  the  genus,  so  far  as  observed,  by  the  faint 
dorsal  plate  of  the  ninth  abdominal  segment,  by  the  absence  of  a 
plate  on  the  eighth,  by  the  frontal  elevation  connected  with  the 
epistoma,  and  by  the  greater  number  and  more  distinct  hairs  on  the 
scutellar  lobes  of  the  thorax  and  abdomen. 

Galleries  (fig.  88). — The  galleries  are  evidently  quite  similar  to 
those  of  D.  terebrans  and  D.  valens,  especially  in  the  fact  that  the 
larvae  live  together  in  a  common  chamber  exposed  in  the  inner  bark. 
According  to  Dr.  G.  Severin,  the  egg  gallery  is  vertical,  frequently 
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curved  and  somewhat  irregular,  sometimes  doubly  inflected  and 
from  12  to  20  cm.  long.  The  female  here  deposits  from  20  to  25 
eggs  in  several  places.  The  larvte  eat  very  close  together,  growing 
equally  in  size  and  age  and  making  a  common  cavity  underneath 
the  bark.  In  order  to  go  through  the  pupal  stage,  they  return  to 
the  large  space  which  they  left  behind  them  and  which  is  now  filled 
with  excrement  and  resin.  Departing  from  their  common  cavity, 
they  eat  out  isolated  galleries,  and  at  the  end  of  these  they  pupate. 


Fig.  88.— DautriKionui  tnicani;  Egg  galleries  end  larval  chamber.  A .  Dual  sections  of  ecu  galleries:  B, 
advanced  stage  ol  work:  a,  entrance,  burrow;  6,  excavated  July  8-l«;  c,  eicavatcd  July  s-29;  d,  r-lfiht 
days  old;  (,  tnree  weeks  old;/,  basal  section;  (,  boring-duct;  h,  subsequent  or  Inner  gallery  ("mother 
gallery"];  j,  egg  nest  with  efcKS  scattered  about  In  boring-dust;  t,  social  chamber  eicavaled  by  larvp; 
work.    (Adapted  from  Pouly  t-'orsllich-natur  wfsscmtfbafljiche 

Distribution  (fig.  89). — According  to  the  literature,  this  species 
ranges  from  central  to  northern  Europe  and  from  Denmark  and 
Russia  eastward  into  Siberia. 

Host  trees. — It  is  said  to  infest  Piims,  Picea,  Abies,  and  Laiix. 

Identified  specimens.— The  writer  has  examined  1  specimen  received 
from  W.  Eichhoff,  8  from  B.  W.  Schlick,  Denmark;  2  with  specimens 
of  work  from  Reitter's  collection,  collected  in  Bohemia,  and  about  70 
specimens  of  adults,  as  well  as  larvje  and  specimens  of  work  from 
Dr.  G.  Severin,  of  the  Musee  Royale  d'Histoire  Naturelle,  Brussels, 
Belgium. 

79980—09 11 
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Bibliography  and  Synonymy. 

?Bostrichus  ligniperda  Herbst,  1793,  p.  107  (in  part). 

Bo8trichu8  micans  Kugelann,  1794,  p.  523,  original  description. 

tllylesinns  ligniperda  Gyllenhal,  1813,  pp.  335,  336  (in  part). 

DeridroctonuA  micans  (Kug.)  Erichson,  1836,  p.  53,  type  of  genus.  Bach,  1849,  p.  144. 
Stein,  1854,  pp.  277-279,  habits,  destructiveness.  Kollar,  1858,  pp.  23-28,  habite, 
control.  Eichhoff,  1864,  p.  27,  pi.  1,  fig.  5,  tarsi,  fig.  6,  maxilla,  fig.  7,  labium,  in 
revision  of  genus.  Lacordaire,  1866,  p.  360,  in  revision  of  genus.  Chapuis,  1869, 
p.  35;  1873,  p.  243,  revised  description.  Lindemann,  1875,  pp.  213,  221,  pi.  1,  figs. 
1-10,  male  reproductive  organs  described  and  illustrated.  Eichhoff,  1881, 
pp.  125-128,  fig.  23,  adult,  fig.  24,  galleries,  revision,  bibliography,  account 
of  habits,  distribution,  etc.  Altum,  1881,  pp.  262-266,  description,  biology. 
Judeich  and  Nitsche,  1889,  pp.  458-462,  life  history,  habits,  importance,  remedy. 
Pauly,  1892,  pp.  315-327,  4  figs,  of  galleries,  habits.  Verhoeff,  1896,  pp.  124-133, 
anatomy.  Menegaux  &  Cochon,  1897,  pt.  2,  p.  120,  habits,  etc.  Severin,  1902, 
p.  145,  habits  in  Belgium.  Weber,  1902,  p.  108,  fig.  5,  enemy.  Brichet  et 
Severin,  1903,  pp.  244-258,  habits,  etc.  Baudisch,  1903,  pp.  151-152,  habits,  etc. 
Quairtere,  1904,  pp.  626-628.  Nusslin,  1905,  pp.  175-178,  habits,  description, 
importance.  Quievy,  1905,  pp.  334,  335.  Severin,  1908,  pp.  1-20,  description, 
habits,  depredations,  control. 

Hylesinus  micans  (Kug.)  Ratzeburg,  1839,  p.  217,  Taf.  VII,  fig.  3,  adult. 

Hylesinus  (Dendroctonus)  micans  (Kug.)  Ratzeburg,  1839,  p.  217,  Taf.  VII,  fig.  3, 
adult;  Taf.  VIII,  figs.  1,  2,  3,  galleries,  young  larvae,  pupae. 


Fig.  89.— Dendroctonus  micans:  Distribution  map.    (Original.) 

Subdivision  D. 

The  distinguishing  characters  common  to  the  species  of  the  fourth 
subdivision  are: 

Adult. — Front  without  median  or  posterior  impression.  Prono- 
tum  somewhat  elongate,  slightly  narrower  than  elytra,  moderately 
constricted  toward  head,  with  regular  punctures  or  without  coarse 
and  line  punctures  intermixed,  long  hairs  absent  on  median  and 
posterior  dorsal  areas,  present  on  anterior  and  lateral  areas;  head 
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broad,  convex;  epistomal  process  and  elytral  rugosities  variable 
within  the  same  species. 

Sexes. — Females  with  front  of  head  moderately  broad;  mandibles 
shining,  moderately  stout;  antennal  club  broad  and  stout;  elytral 
declivity  slightly  more  rugose;  striae  impressed  with  distinct  punc- 
tures. 

Males  with  front  of  head  distinctly  broader;  mandibles  opaque, 
stout;  antennal  club  narrow,  more  elongate,  and  the  elytral  declivity 
slightly  less  rugose;  striae  less  distinctly  impressed,  and  the  punctures 
more  obscure. 

Pupa. — Vertex  of  head  convex;  front  and  middle  femur  each  with 
a  minute  subapical  spine;  abdominal  tergites  with  moderately  dis- 
tinct spines. 

Larva. — Abdominal  tergites  8  and  9  with  distinct  dorsal  plates, 
each  armed  with  three  prominent  teeth. 

Galleries. — Egg  galleries  slightly  winding  to  nearly  straight;  larval 
mines  not  separated,  except  very  rarely  near  the  outer  extremity, 
but  forming  broad  common  larval  chambers. 

22.    Dendroc tonus  terebrans  (Olivier). 

(PI.  VII,  fig.  22.) 

Adult. — Typical  female:  Length  5.6  mm.,  black.  Front  convex, 
without  impressions;  epistomal  process  moderately  broad,  lateral 
angles  tuberculate.  Pronotal  punctures  very  coarse,  regular,  mod- 
erately dense,  scarcely  decreasing  in  size  toward  base;  elytra  with- 
out long  hairs  toward  base. 

Typical  female  labeled,  name  label,  "Hopk.  1/22/08,  Pinus  echv- 
nata,  Hopkins,  collector,  Tryon,  N.C.,  ? ,  Hopk.  U.  S.  530aa." 

Typical  male:  Length  5.6  mm.  Differs  from  female  in  stouter 
mandibles  and  slightly  coarser  rugosities  of  elytral  declivity. 

Typical  male  labeled  same  as  female. 

Variations. — The  length  varies  from  .5  to  8  mm.,  with  the  average 
about  7  mm.  The  color  ranges  from  piceous  to  deep  black,  the  latter 
prevailing.  Immature  specimens  are  reddish,  but  fully  matured 
ones  are  always  darker  than  the  darkest  D.  valens.  The  greatest 
variation  is  in  size,  and  while  the  usual  variation  prevails  in  some  of 
the  other  characters,  it  is  much  less  so  than  in  D.  valens.  In  New 
Jersey,  Pennsylvania,  Virginia,  and  West  Virginia,  where  there  is  an 
overlapping  of  the  range  of  D.  valens  and  D.  terebrans,  specimens  are 
sometimes  found  which  appear  to  be  hybrids,  but  it  appears  that  the 
more  dominant  characters  of  D.  terebrans  prevail  in  such  hybrids,  so 
that  the  darker  color  and  coarse  punctures  of  the  pronotum  serve  to 
distinguish  them  as  being  more  closely  allied  to  the  latter  species. 

Distinctive  characters. — The  characters  which  serve  to  distinguish 
this  species  from  D.  valens ,  to  which  it  is  more  closely  allied,  are  its 
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prevailing  black  or  dark  color,  the  more  uniform  and  coarser  punctures 
of  the  pronotum,  the  narrower  epistomal  process,  with  the  angles  more 
tuberculate,  and  the  less  evident  long  hairs  on  the  anterior  dorsal 
area  of  the  elytra. 

Revi8ional  notes. — While  the  type  of  this  species  has  not  been  seen 
by  the  writer,  it  is  clearly  evident  from  Olivier's  description  and 
figures  (Olivier,  1795)  that  the  large  black  form  common  to  the 
southern  United  States  represents  the  species  described.  The  only 
distinctive  specific  character  mentioned,  however,  is  the  reference  to 
the  Black  Scolytus  and  to  the  body  being  black,  brown,  or  brownish- 
black.  The  confounding  of  Dendroctonus  valens  and  D.  terebrans  under 
the  latter  name  has  resulted  in  much  confusion  in  the  literature.  With 
our  present  knowledge,  however,  it  is  not  difficult  to  clear  up  some 
of  the  confusion  and  to  revise  and  correct  the  literature  so  that  it 
may  be  known  in  many  cases  whether  or  not  one  or  both  species  was 
included  in  a  given  reference.  Erichson,  1836,  Lacordaire,  1866,  and 
Chapuis,  1869,  evidently  did  not  compare  D.  valens  and  D.  terebrans. 
While  a  specimen  of  this  species  has  been  in  the  Harris  collection  since 
1839,  Harris  apparently  made  no  reference  to  its  characters.  Zimmer- 
man, 1868,  page  149,  did  not  mention  D.  valens,  but  evidently  had  the 
two  species  confused  in  his  revised  description.  Le  Conte,  1868,  page 
173,  referred  D.  valens  to  D.  terebrans,  and  in  1876,  pages  384-385, 
confuses  the  characters  and  distribution  of  the  two  species.  Dietz, 
1890,  page  29,  included  this  species  under  his  variety  a,  and  (p.  30) 
evidently  includes  two  specimens  from  Florida  under  his  revision  of 
D.  rufipennis.  In  subsequent  literature  up  to  1906  there  is  more  or 
less  confusion  of  this  species  with  D.  valens.  The  writer,  1906c,  page 
81,  restored  D.  valens  Lee.  and  called  attention  to  the  characters  dis- 
tinguishing!), terebrans  (Oliv.).  In  1900  the  writer  found  one  specimen 
in  the  Harris  collection,  under  Hylurgus  terebrans,  under  his  No.  99, 
referred  to  in  his  note  as  "Dark  specimen  abundant  under  bark  of 
pitch  pine,  October  27,  1839,"  but  it  appears  that  no  reference  was 
made  to  this  dark  specimen  in  any  of  his  publications.  The  locality 
is  not  given,  but  it  is  presumably  Cambridge.  It  appears  that  this 
species  was  not  represented  in  the  Horn  collection  under  D.  terebrans 
when  Doctor  Dietz  prepared  his  revision,  and  that  the  only  example 
involved  in  the  revision  under  D.  terebrans  was  the  one  in  the  Ulke 
collection  from  Pennsylvania,  designated  as  "  variety  a"  Two  exam- 
ples were  found  in  the  Horn  collection  under  D.  rufipennis,  labeled 
"Fla.,"  and  it  was  evidently  on  these  that  Doctor  Dietz  based  his 
Florida  locality  in  his  revision  of  D.  rufipennis.  In  1907  this  species 
was  represented  in  the  Le  Conte  collection  by  9  specimens  and  8  addi- 
tional specimens  in  the  general  collection  of  the  Museum  of  Com- 
parative Zoology. 
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Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  front  and  middle  femora  are  armed  each  with  a  minute 
apical  spine;  abdominal  tergites  1  to  6  have  moderately  small  pleural 
spines,  1  is  without  dorsal  spine,  but  with  distinct  lateral  ones;  2  to  6 
have  small  dorsal  and  lateral  spines,  the  former  increasing  in  size  to  6. 
All  have  pale  tips;  7  and  8  unarmed;  9  with  usual  stout  pleural  spine. 
Pupal  type  labeled  "Hopk.  W.  Va.  7701." 

The  usual  variation  prevails  in  the  number  and  arrangement  of 
minor  spines  and  between  the  young  and  older  examples. 

The  character  which  in  general  serves  to  distinguish  the  pupa  of 
this  species  from  the  preceding  is  found  in  the  paler  tips  of  the  body 
spines. 

Larva. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  front  of  head  with  posterior  angle  and  median  area  not 
elevated  but  transversely  rugose  except  near  apex,  where  it  is  smooth; 
epistoma  flat,  opaque,  smooth,  with  straight  anterior  margin;  clypeus 
broad,  prominent,  convex,  with  faint  median  longitudinal  line,  sides 
rounded,  apex  broadly  emarginate;  labrum  short,  with  sides  nearly 
parallel  and  apex  tuberculate.  Prothoracic  tergum  with  two  broad, 
shining  dorsal  plates  separated  by  a  rather  broad  median  space,  and 
a  smaller  lateral  plate  each  side;  sternellar  lobes  each  with  a  faint  foot 
callus;  mesoterga  and  metaterga  with  shining  plates  on  the  lateral 
lobes.  Abdominal  scutellar  lobes  with  a  rather  prominent  tubercle 
on  each  epipleurum.     Larval  type  labeled  "Hopk.  U.  S.  1201." 

The  larva  of  this  species  is  scarcely  to  be  distinguished  from  that  of 
D.  valens. 

Galleries. — The  egg  galleries  are  generally  longitudinal,  more  or  less 
winding,  and  vary  greatly  in  length,  sometimes  being  very  long. 
They  are  irregular  in  width,  sometimes  with  branches,  and  are  slightly 
grooved  in  the  surface  of  the  wood.  The  eggs  are  placed  in  masses  at 
intervals  along  the  sides  and  in  the  inner  bark;  the  larvae  excavate 
broad  chambers  which  vary  in  size  from  a  square  inch  to  many  square 
feet.  The  galleries  of  this  species  do  not  differ  materially  from  the 
following,  and  have  a  wide  range  of  variation  in  size  and  general 
character. 

Distribution  (fig.  90). — (Hopk.  U.  S.)  Alabama:  Calhoun.  Dela- 
ware. District  of  Columbia:  Takoma.  Georgia:  Cornelia,  Thomas- 
ville.  New  Jersey:  Lakewood,  New  Brunswick.  New  York:  Islip 
(Long  Island).  South  Carolina:  Chicora,  Lumber,  New  Landing, 
Pregnall.  Texas:  Austin,  Call,  Deweyville,  Kirbyville,  Tarkington. 
Virginia:  Glen.  West  Virginia:  Kanawha  Station.  (Hopk.  W.  Va.) 
West  Virginia:  Crow,  Marion  County,  Morgantown,  Romney.  Addi- 
tional localities  from  other  collections:  (Le  Conte)  Georgia,  North 
Carolina,  New  Hampshire,  Pennsylvania.     (M,  C.  Z.)  Texas,  South 
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Carolina,  Maryland.  (A.  E.  S.)  New  Jersey,  Delaware.  (A.  N.  S.) 
Marion  County,  Fla.  (U.S.N.M.)  Lakewood,  N.  J.  (D.  A.)  Islip, 
Long  Island,  N.  Y.     (Laurent)  Pennsylvania. 

Host  trees. — Pinus  palustrisj  P.  rigida,  P.  tseda,  P.  serotina,  P. 
strobus,  P.  echinata,  Picea  rubens. 

Identified  specimens. — Le  Conte,  9  specimens;  M.  C.  Z.,  8;  Horn,  7; 
U.S.N.M.,  2;  H.  &  S.,  4;  D.  A.,  7;  Hopk.  U.  S.,  about  400  specimens, 
including  adults,  larvae,  and  work. 


Fio.  90.— Dendroctonus  terebrans:  Distribution  map.    (Original.) 


Bibliography  and  Synonymy. 

Scolytus  terebrans  Olivier,  1795,  p.  6,  PI.  I,  fig.  6,  adult;  original  description,  locality 
southern  U.  S.  (Southern  Georgia,  Schwarz). 

Dendroctonus  terebrans  (Oliv.)  Erichson,  1836,  p.  53  (cotype  of  genus).  Lacordaire, 
1866,  p.  360.  Zimmerman,  1868,  p.  149  (in  part),  South  Atlantic  States.  Le 
Conte,  1868,  p.  173  (in  part).  Chapuis,  1&69,  pp.  35-36.  Chapuis,  1873,  pp. 
243-244,  revision,  Texas.  Schwarz,  1878,  p.  469,  list,  Florida.  Packard,  1887, 
p.  177  (in  part),  Le  Conte  quoted.  Packard,  1890,  p.  721  (in  part).  Dietz, 
1890,  p.  29  (in  part).  Hopkins,  1893b,  p.  143,  No.  76  (in  part),  Hampshire  and 
Monongalia  counties,  \V.  Va.  Hopkins,  1893c,  p.  213,  No.  300  (in  part),  list, 
host,  etc.  Smith,  1899,  p.  364  (in  part),  distribution,  habits.  Chittenden, 
1899,  p.  56  (in  part).  Smith,  1901,  p.  92,  destructive  to  pine,  Lahaway  [Borden- 
town"],  N.  J.  Ulke,  1902,  pp.  36-56,  list,  habits,  etc.  Hopkins,  1902b,  p.  10, 
footnote,  mention.  Hopkins,  1906c,  p.  81,  distinguishing  characters.  Felt, 
r906,  pp.  342-345,  Long  Island. 

Dendroctonus  terebrans  (Lacordaire)  Le  Conte,  1876,  p.  385  (=  Oliv.  in  part),  bibli- 
ography, distribution,  systematic  note,  on  specimens  from  Georgia. 

Dendroctonus  rufipennis  (not  of  Kirby)  Dietz,  1890,  p.  30,  Florida. 

t Dendroctonus  sp.  Blandford,  1897,  p.  147,  reference  to  black  form  from  Texas. 
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23.    Dendroctonus  valens  Le  Conte. 

(PI.  VII,  fig.  23.) 

Adult. — Typical  female:  Length,  8.7  mm.  Head  with  front  broad, 
convex,  and  with  broad  anterior  impression.  Epistomal  process 
broad,  with  lateral  sections  oblique.  Pronotum  with  punctures 
moderately  coarse,  much  smaller  and  denser  toward  base.  Elytra 
with  a  few  long  hairs  toward  base;  declivity  convex;  striae  impressed, 
with  small  distinct  punctures;  interspaces  moderately  convex,  dis- 
tinctly rugose. 

Typical  specimen  labeled,  name  label,  "Hopk.  1/22/08,  Finns 
ponderosa,  Hopkins,  collector,  McCloud,  Cal.,  $ ,  Hopk.  U.  S.  18a." 

Typical  male:  Length  7.6  mm.  Differs  from  female  in  stouter 
mandibles,  narrower  antennal  club,  more  opaque  declivity,  less  dis- 
tinctly impressed  striae,  and  more  obscure  punctures. 

Typical  male  labeled  same  as  female. 

Variations. — The  length  ranges  from  5.7  to  9  mm.,  with  the  aver- 
age about  8  mm.  The  color  of  the  elytra,  pronotum,  and  vertex 
of  head  ranges  from  light  to  dark  red,  but  is  never  black,  while  the 
ventral  part  of  the  body  varies  from  light  red  to  black.  The  great- 
est variation  is  in  size,  but  there  is  a  wide  and  remarkable  range 
in  the  epistoma  and  front  and  in  the  sculpture  of  the  pronotum 
and  elytra,  as  in  almost  every  other  character.  Thus  a  large  num- 
ber of  individuals  may  be  easily  selected,  each  of  which  might  be 
considered  as  representing  a  good  species,  but  when  a  large  series 
of  specimens  is  examined  from  any  given  faunal  region  or  locality 
no  sufficiently  distinctive  and  constant  characters  have  been  found 
by  which  they  can  be  readily  recognized  as  distinct  from  those  of 
any  other  faunal  region,  so  that  those  examples  from  Maine  can 
not  be  distinguished  from  examples  collected  in  the  mountains  of 
Mexico. 

Distinctive  characters. — The  characters  which  serve  to  distinguish 
this  species  from  D.  terebrans,  to  which  it  is  closely  allied,  are  its 
prevailing  red  color,  the  less  uniform  and  more  densely  placed 
pronotal  punctures,  the  much  broader  epistomal  process,  with  the 
lateral  sections  less  angular  and  more  oblique,  and  the  more  evident 
and  numerous  hairs  on  the  anterior  dorsal  area  of  the  elytra. 

Revisional  notes. — See  same  heading  under  D.  terebrans. 

The  typical  specimen  on  which  Le  Conte's  original  description 
(Le  Conte,  1860)  was  based  is  from  California  and  represents  the 
common  red  form  which  has  heretofore  been  confused  with  D.  tere- 
brans. The  distinguishing  character,  "  finer  and  denser  punctures  of 
the  thorax/ '  mentioned  by  Le  Conte  is  undoubtedly  a  good  specific 
character  when  taken  with  color  and  other  characters.  The  species 
is  represented  in  the  Le  Conte  collection  by  the  type  and  9  speci- 
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mens,  and  in  the  collection  of  the  Museum  of  Comparative  Zoology 
by  over  50  specimens. 

Pupa. — In  addition  to  the  generic,  divisional,  and  subdivisional 
characters,  the  front  and  middle  femora  are  armed  each  with  a 
minute  apical  spine;  abdominal  tergites  1  to  6  with  moderately 
small  pleural  spines;  1  is  without  dorsal  spines,  but  with  distinct 
lateral  ones;  2  to  6  have  small  dorsal  and  lateral  spines,  the  former 
increasing  in  size  to  6,  and  all  have  dark  tips;  7  and  8  are  unarmed; 
9  has  the  usual  stout  pleural  spine.  Pupal  type  labeled  "Hopk. 
U.S.  2824." 


Flo.  91.— Dindroctontu  tutrix.'  Egggalkrles  and  larval  linrnlier.  A,  Incompkrie  egg  galleries  with  boring 
■In,;  lvrrinvid;  ft,  normal  |;»]]r'ry;  C,  advanced  stage  ol  work;  a,  entrance  burrow;  6,  basal  section; 
e,  vTHiliitLiig  burrow;  d,  ifg  mist  with  ecus:  ',  boring  dust;/,  subsequent  or  uuwr  galhrlcs;  f,  larra 
at  work;  h,  pupal  cell  in  boring  dust  raised  with  resin.    (Original.) 

The  usual  variation  prevails  in  the  number  and  arrangement  of 
minor  spines  and  between  the  young  and  older  examples. 

The  character  which  in  general  serves  to  distinguish  the  pupa  of 
this  species  from  the  preceding  is  found  in  the  darker  tips  to  the 
body  spines. 

Larva  (text  fig.  39  and  PL  VIII,  fig.  23).— In  addition  to  the  ge- 
neric, divisional,  and  subdivisional  characters,  front  of  head  with  pos- 
terior angle,  median  area  not  elevated  but  transversely  rugose,  except 
near  apex,  where  it  is  smooth;  epistomn  flat,  opaque,  smooth,  with 
straight  anterior  margin;  clypeus  broad,  prominent,  convex,  with  faint 
median  longitudinal  line,  sides  rounded,  apex  broadly  emarginate: 
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labrum  short,  sides  nearly  parallel,  and  apex  tuberculate.  Protho- 
racic  tergum  with  two  broad,  shining  dorsal  plates  separated  by  a 
rather  broad  median  space,  and  a  smaller  lateral  plate  each  side; 
sternellar  lobes  each  with  a  faint  foot  callus;  the  mesoterga  and 
metaterga  with  shining  plates  on  the  lateral  lobes.  Abdomen  with  a 
rather  prominent  tubercle  on  eacli  epipleurum.  Larval  type  labeled 
"Hopk.  U.S.  2824." 


oulir  corky  bark  removed.    (Original.) 

The  larva  of  this  species  is  scarcely  to  be  distinguished  from  the 
preceding. 

Galleries  (figs.  91-9-'!). — The  egg  galleries  are  generally  longitudinal, 
more  or  less  winding,  anil  vary  greatly  in  length,  sometimes  being 
very  long;  they  are  irregular  in  width  and  sometimes  with  branches, 
and  are  slightly  grooved  into  the  surface  of  the  wood.  The  eggs 
are  placed  in  masses  nt  intervals  along  the  sides  in  the  inner  bark, 
and  the  larva?  excavate  broad  chambers,  which  vary  in  size  from  a 
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square  inch  to  many  square  feet.  The  galleries  of  this  species  do 
not  differ  materially  from  the  preceding,  and  have  a  wide  range  of 
variation  in  size  and  general  character. 

Distribution  (fig.  94). — (Hopk.  U.  S.)  Arizona:  Ohiricahua  Moun- 
tains, Flagstaff,  Fredonia,  Grand  Canyon,  Paradise,  Ramsey  Canyon, 
RinconMountains,  Santa Catalina National  Forest,  Williams.  Califor- 
nia: AlderOeek,  Berkeley,  Chester,  Del  Monte,  La  Moine,  Little  Yosem- 
ite,  Madera  County,  Merced,  McCloud,  Nevada  City,  Pacific  Grove, 
Palo  Alto,  Pinogrande,  San  Bernardino,  Sterling,  Summerdale, 
Wawona,  Yosemite.  Canada.  Colorado:  Fort  Garland,  Manitou 
Park,  Palmer  Lake,  San  Isabel  National  Forest.     Guatemala:  Cabon. 


Idaho:  Cedar  Mountain,  Centerville,  Grimes  Pass,  Harris  Ridge 
(Kooskai),  Pioneerville,  Priest  River,  Smiths  Ferry.  Kansas. 
Maine:  Brunswick,  Casco  Bay,  Limerick,  Peak  Island,  Portland. 
Massachusetts:  Lynn,  Wyoming.  Mexico:  Chaleo,  Chihuahua,  Mex- 
ico City,  Michoacan,  Ponada,  Satazin.  Michigan:  Grand  Island. 
Montana:  Missoula.  Nevada.  New  Hampshire:  Durham,  Webster. 
New  Mexico:  Capilan,  Capitan  Mountains,  Cloudcroft,  Lincoln 
National  Forest,  Vermcjo,  White  Mountains.  New  York:  Ithaca. 
North  Carolina:  Biltr.ioro,  Pink  Beds.  Oregon:  Albany,  Hood  River, 
Joseph,   Slate   Creek.     Pennsylvania:   Milford,  Philadelphia.     South 
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Dakota:  Black   Hills,    Elmore,    Lead,    Spearfish.     Utah:  Escalante, 
Kamas,     Kanab,     Panguitch    Lake.     Vermont:  Fairlee.      Virginia. 
Washington:  Buckeye,    Easton,    Pullman,    Skykomish.      West    Vir- 
ginia: Crow,  Hampshire  County,  Hardy  County,  Kanawha  Station, 


Fig.  94.— Dcndroctonus  valens:  Distribution  map.    (Original.) 

Monongalia  County,  Morgantown,  Pendleton,  Raleigh  County, 
Romney,  Roosevelt,  Tucker.  Wisconsin:  Ashland,  Madison.  (Hopk. 
W.  Va.)  West  Virginia:  Bretz,  Cranesville,  Deckers  Creek,  Dellslow, 
Mayfield     Hill,     Moorefield,     Morgantown,     Pendleton,     Randolph, 
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Romney.  Additional  localities  from  other  collections:  (M.  C.  Z.)  New 
Mexico;  California;  Pennsylvania;  Idaho;  Maine;  Massachusetts; 
Cambridge,  Mass.  (Le  Conte)  Middle  States;  Connecticut;  Garland, 
Colo. ;  California.  (Horn)  North  Carolina,  Oregon,  Wisconsin,  Maine, 
California,  New  Mexico,  and  Pennsylvania.  (A.  E.  S.)  Kansas,  Idaho, 
Nevada,  Colorado,  Canada,  Virginia,  Illinois,  New  Jersey.  (W.  &  F.) 
Durham,  N.  II.  (U.S.N.M.,  II.  &  S.)  Marquette,  Mich.;  Cambridge, 
Mass.;  Helena,  Mont.;  Garland,  Colo.;  Coeur  d'Alene,  Idaho;  Hood 
River, Oregon;  Chiricahua Mountains, Arizona;  Sisson,Cal.;  Coldridge, 
N.  Mex.  (U.S.N.M.,  B.  &  S.)  Las  Vegas,  N.  Mex.;  Bright  Angel, 
Prescott,  Flagstaff,  and  Williams,  Ariz.  (Gillette)  Colorado;  Bailey, 
Colo.  (U.S.N.M.)  Easton,  Wash. ;  Placer,  Colo. ;  Shasta  County,  Cal.; 
Powder  River,  Colorado;  Lake  Superior;  Skokomish  River,  Wash- 
ington; New  Mexico;  Siskiyou  County,  Cal.;  Ozumba  Mountain, 
Mexico.  (Weed  &  Fiske)  Durham,  N.  H.  (Webb)  Pullman,  Wash. 
(Dietz)  Pennsylvania,  California,  Arizona,  Washington  [State]. 
(D.  A.)  Dunsmuir,  Cal.;  Custer  County,  Cal.  (Chittenden)  Duluth, 
Minn.;  Ithaca,  N.  Y.;  Grangeville,  Idaho;  California.  (Baldwin) 
Ventura  County,  Cal.     (Soltau)  Colorado. 

Host  trees. — Pinus  ponderosa,  P.  strobus,  P.  radiata,  P.  rigida, 
P.  lambertiana,  P.  murrayana,  P.  strobiformis,  P.  chihuahuana,  P. 
edulis,  P.  jeffreyi,  P.  sylvestris,  P.  virginiana,  P.  arizonica,  P.  sp.; 
Picea  canadensis,  P.  excelsaf  P.  rubens;  Abies  concolor;  Larix  laridna. 

Identified  specimens. — Le  Conte,  10  specimens;  M.  C.  Z.,  55;  Horn, 
14;  A.  E.  S.,  8;  U.S.N.M.,  12;  H.  &  S.,  20;  Dietz,  5;  D.  A.,  3  speci- 
mens. This  species  is  also  represented  in  the  forest  insect  collection 
of  this  Bureau  by  about  5,000  specimens,  including  all  stages  and 
work. 

Bibliography  and  Synonymy. 

Scolytus  terebrans  (not  of  Oliv.)  Harris,  1826,  pp.  169,  170,  character  and  habits.  Har- 
ris, 1862,  p.  86,  footnote,  name  only.  Zimmerman,  1868,  p.  149,  as  synonym  for 
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Ilylurgus  terebrans  (not  of  Oliv.)  Harris,  1841,  p.  72,  brief  description  of  larva?  and 
habits.  Harris,  1842,  pp.  72,  73,  repeated.  Harris,  1852,  p.  76,  repeated.  Fitch, 
1858,  pp.  728-729,  description  of  adult  and  larva,  habits?  Harris,  1862,  p.  86, 
repeated,  fig.  42,  adult.  Harris,  1863,  pp.  84-86,  fig.  42,  adult,  account  repeated. 
Thomas,  1876,  p.  146,  brief  description  of  adult  and  habits  of  larva.  Smith,  1877, 
p.  52,  work  in  pine. 

Dendroctonus  vaiens  Le  Conte,  1860,  p.  59,  original  description.  Le  Conte,  1868,  p. 
173,  mentioned  as  synonym  of  I),  terebrans  Lacordaire.  Chapuis,  1869,  p.  35; 
Chapuis,  1873,  p.  243.  Le  Conte,  1878,  p.  472,  list,  Atlanta,  Idaho.  Hopkins, 
1903a,  p. 61,  reference  to  habits,  etc.  Hopkins,  1904,  p.  19,  PL  VII,  figs,  a,  b,  g 
(reprint).  Powell,  1904,  anatomy.  Powell,  1905,  ibid.  Hopkins,  1905,  pp.  6, 
11,  17,  distinctive  characters.  Hopkins,  1906b,  p.  147,  PL  IV,  figs.  6,  8,  anatomy 
of  larval  head.  Hopkins,  1906c,  p.  81,  mentioned  as  a  good  species,  host, 
localities,  etc.     Fall,  1907,  p.  218,  list,  localities. 
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Dendroctonus  terebrans  (not  of  Oliv.)  Zimmerman,  1868,  p.  149  (in  part),  revision.  Le 
Gonte,  1868,  p.  173  (in  part),  synopsis,  bibliography.  Le  Baron,  1871  (in  part), 
economic  reference.  Le  Conte,  1876,  p.  385  (in  part),  revision,  synopsis,  bibli- 
ography, locality.  Packard,  1887,  pp.  175,  243  (in  part).  Packard,  1890,  p.  721, 
fig.  250  (in  part),  adult,  quotes  Harris  and  Le  Conte.  Dietz,  1890,  p.  29  (in 
part),  Eastern  States,  California,  Washington,  fig.  1,  antenna  and  epistoma;  var. 
6,  Washington,  California,  Colorado,  Arizona,  and  Idaho;  var.  c,  New  Mexico, 
Arizona,  Nevada,  California;  var.  dy  Pennsylvania.  Hopkins,  1892a,  pp.  64-65 
(in  part),  habits,  etc.  Hopkins,  1893b,  p.  143,  No.  76  (in  part),  and  index, 
habits,  distribution,  host,  enemies,  etc.,  in  West  Virginia,  all  except  part  of  two 
references  from  Hampshire  and  Monongalia  counties.  Hamilton,  1895,  pp.  346, 
378,  list,  etc.  Wickham,  1896a,  p.  169,  listed,  I,ake  Superior.  Wickham,  1906b, 
p.  170,  list,  Coolidge,  N.Mex.;  Walnut  and  Williams,  Ariz.  Hopkins,  1897a,  p. 
41,  habits,  etc.  Blandford,  1897,  pp.  146-147,  synopsis,  redescribed,  distribu- 
tion in  Mexico,  bibliography.  Wickham,  1898,  p.  312,  list,  Arizona.  Hopkins, 
1899a,  pp.  392-393, 415-421,  and  index  (in  greater  part),  different  stages,  galleries, 
etc.,  described  and  illustrated  (except  egg  and  pupa),  with  full  account  of  habits, 
and  distribution  in  West  Virginia,  etc.  Hopkins,  1899b,  pp.  14,  15,  habits,  hosts, 
etc.  Hopkins,  1899c,  p.  343  (in  part),  stridulation,  etc.  Chittenden,  1899,  p. 
56  (in  part).  Wickham,  1902,  p.  309,  list,  locality.  Felt,  1903,  pp.  480-481, 
figs.  1-3  (in  part),  adult,  larva,  pupa,  New  York  State  except  Long  Island  (in 
part?),  habits,  hosts,  enemies,  etc.  Felt,  1906,  pp.  342-345  and  index,  fig.  64, 
adult;  65,  pupa;  66,  larva  (in  part),  habits,  host,  etc. 

Dendroctonus  terebrans  (not  of  Lacordaire)  Le  Conte,  1868,  p.  173. 

Dendroctonus  obesus  (not  of  Mann.)  Packard,  1877,  p.  803,  description  and  probable 
habits  in  Colorado,  compared  with  D.  terebrans  (not  of  Oliv.). 

t Dendroctonus  rujipennis  (not  of  Kirby)  Packard,  1887,  p.  176,  in  pitch  pine. 

t Dendroctonus  similis  (not  of  Lee.)  Slosson,  1902,  p.  319,  lint,  locality. 

Dendroctonus  valens  Lee.  var.  occidentalis  Hopkins,  1902b,  p.  12,  manuscript  name  for 
variety. 

Dendroctonus  (terebrans)  var.  valens  (Lee.)  Wickham,  1902,  p.  309,  Garland,  Colo. 

24.    Dendroctonus  adjunctus  Blandford. 
ORIGINAL   DESCRIPTION. 

"Long.  4.6-5.3  millim. 

"Oblong,  less  elongate  than  D.  parallelocollis ,  slightly  depressed, 
piceous-black,  with  apex  of  elytra  lighter.  Median  segment  of 
epistoma  shorter  than  the  lateral  segments,  its  sides  very  oblique  and 
elevated,  its  apical  border  concave ;  front  covered  with  close  granules 
and  punctures,  with  an  interrupted  median  impressed  line  deepest  at 
its  junction  with  a  slight  transverse  subocular  impression;  vertex 
finely  punctured;  antennae  piceous,  the  scape  with  rounded  club, 
second  joint  of  funiculus  scarcely  longer  than  first,  club  transverse 
oval,  its  sutures  curved  toward  apex.  Prothorax  more  transverse 
than  in  D.  parallelocollis ,  constricted  in  front,  the  apical  emargination 
and  basal  bisinuation  distinct;  surface  impressed  behind  apex  and 
somewhat  flattened,  shining,  the  punctures  sparse  and  not  strong,  the 
median  line  obsolete.     Elytra  feebly  striato-punctate,  shining,  except 
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at  the  closely  granulate  base,  with  somewhat  scattered  granules, 
obsolete  on  the  declivity,  interstices  with  rows  of  distinct  long  dark 
hairs  from  middle  to  apex,  the  first  with  a  single  series  of  stronger 
granules.     Legs  piceous. 


FiQ.95.—DendToctoniuadjunchu:  Distribution  map.    (Original.) 

"Hab.  [See  fig.  95.]     Guatemala,  Totonicapam  (Champion). 
"A  distinct  species,  resembling  a  MyelophUus  rather  than  a  Den- 
droctorms.     But  two  specimens  were  taken." 

Bibliography. 
Dendroctonus  adjunctus  Bland  ford,  1897,  p.  147. 
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CONTRIBUTIONS  TOWARD  A  MONOGRAPH  OF  THE 

SCOLYTID  BEETLES. 


II.  PRELIMINARY  CLASSIFICATION  OF   THE    SUPERFAMILY 

SCOLYTOIDEA." 

By  A.  D.  Hopkins,  Ph.  D., 
In  Charge  of  Forest  Insect  Investigations. 

INTRODUCTION. 

The  object  of  this  contribution  is  to  discuss  the  taxonomy  and 
present  a  preliminary  classification  of  the  families  and  subfamilies 
of  the  scolytoid  beetles  of  the  world.  The  discussion  and  classifi- 
cation are  based  on  a  study  of  representatives  of  about  122  described 
and  undescribed  genera  and  about  1,000  species  of  North  America 
and  other  countries,  in  the  collections  of  the  U.  S.  National  Museum 
and  certain  other  museums  and  institutions  of  this  country. 

The  types  of  North  American  species  described  by  Zimmermann, 
LeConte,  Fitch,  Harris,  Schwarz,  Ulke,  and,  with  a  few  exceptions, 
those  of  other  North  American  authors,  have  been  studied  by  the 
writer.  Nearly  all  of  the  North  American  species  described  by 
Eichhoff  are  represented  in  the  U.  S.  National  Museum  collections 
by  specimens  sent  by  him  to  the  writer  and  to  Dr.  C.  V.  Riley. 
Many  of  these  specimens  are  from  the  type  series  not  only  of  North 
American  but  of  many  foreign  species  described  by  Eichhoff.  Cen- 
tral and  South  America,  the  West  Indies,  the  Eastern  Continent, 
Australia,  and  Oceania  are  represented  to  a  greater  or  less  extent 
by  described  and  undescribed  species,  of  which  31  genera  and  96 
species  are  from  Europe,  principally  from  the  collections  of  Eichhoff 
of  Germany,  Blandford  of  England,  and  Villard  of  France. 

The  material  in  the  forest  insect  collections  of  the  Bureau  of 
Entomology  and  the  West  Virginia  Agricultural  Experiment  Sta- 
tion, collected  by  the  writer  and  his  associates,  includes  nearly  all 
of  the  described  North  American  species  and  in  addition  a  large 

<*  See  Hopkins,  A.  D.     List  of  generic  names  and  their  type-species  in  the  coleop- 
terous 8uperfamily  Scolytoidea.     Proc.  U.  S.  Nat.  Mus.,  vol.  48,  No.  2066,  pp.  115-136, 

December  16,  1914. 

165 


166  THE   SCOLYTID  BEETLES. 

number  of  undescribed  species  and  a  great  amount  of  new  biological 
material.  With  this  amount  of  material  at  hand  and  a  special  study 
of  this  group  of  insects  extending  over  a  period  of  twenty  years,  the 
writer  feels  justified  in  proposing  a  revised  classification  and  in 
defining  the  characters  which  it  appears  to  him  are  of  special  taxo- 
nomic  importance. 

In  presenting  the  preliminary  classification  of  the  Scoly  toidea  the 
author  does  so  with  no  idea  of  criticising  the  systems  proposed  by 
other  authors.     The  whole  presentation  is  simply  to  stand  as  the 
writer's  interpretation  of  the  characters  and  characteristics  repre- 
sented by  the  material  before  him,  and  to  serve,  so  far  as  it  may,  as 
a  step  in  the  evolution  of  artificial  systems  of  classification  toward 
the  ideal  or  natural.     Each  comprehensive  system  of  classification 
proposed  since  that  of  Linnaeus  has  contributed  something  toward 
the  evolution  of  better  systems.     Some  of  them  have  been  progres- 
sive, others  in  part  retrogressive,  and  a  few  have  been  revolutionary 
in  their  character.     But,  as  in  most  conflicts  of  opinion,  general 
progress  results.     Therefore  those,  investigators  of  the  present  and 
the  future  who,  without  prejudice  as  to  any  opinion  or  theory,  can 
sift  out  the  true  from  the  erroneous  in  that  which  has  been  published, 
and  add  new  truths  from  their  own  observations,  will  make  the 
most  rapid  progress  toward  the  attainment  of  the  ideal. 

The  anatomical  investigations  conducted  by  the  writer  and  out- 
lined in  Part  I  of  this  bulletin  have  revealed  heretofore  unrecorded 
facts  relating  to  structural  characters,  which,  in  connection  with  a 
greatly  increased  knowledge  of  the  physiological  characteristics  of 
the  stages  of  development  and  of  the  habits,  host  relations,  and  dis- 
tribution of  described  and  undescribed  forms,  seem  to  warrant  a 
somewhat  different  classification  from  those  proposed  by  other 
writers. 

It  seems  that  a  study  of  the  facts  as  revealed  by  modifications  in 
morphological  characters  and  physiological  characteristics  of  exist- 
ing forms,  without  any  attempt  to  explain  their  origin  or  phylogeny, 
will  lead  to  a  more  correct  interpretation  of  natural  affinities  than 
any  amount  of  speculation  on  hypothetical  ancestral  forms  from 
which  present  species  may  have  evolved.  Indeed,  it  would  seem 
that  we  have,  in  the  progressive  modification  of  the  more  funda- 
mental and  dominant  characters  and  characteristics,  a  better  taxo- 
nomic  basis  on  which  to  correlate  the  characters  and  construct  a 
so-called  natural  system  than  can  be  found  in  those  characters  which 
are  subject  to  special  modification  through  similar  use  and  influ- 
ences of  environment.0 


o  In  this  connection  see  Part  I  of  this  bulletin,  p.  25,  second  paragraph,  and  pp. 

67-68. 
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POSITION  OF  THE  SCOLYTOIDEA. 

The  contrasting  characters  which  indicate  the  position  of  the  super- 
family  Scolytoidea  in  the  order  Coleoptera  are  a3  follows: 

Order  COLEOPTERA. 

Maxilla  undivided,  the  palpi  rigid  and  with  not  more  than  three  joints;  larvae  leg- 
less  Suborder  Rhynchophora. 

Maxilla  divided,  more  or  less  flexible,  and  with  a  flexible  palpus,  usually  4-jointed; 
larvae   rarely   without   legs All   other   Coleoptera. 

Suborder  RHYNCHOPHORA. 

Head  without  prominent  rostrum  or  beak  and  the  submentum  never  produced  into 
a  gular  peduncle Superfamily  Scolytoidea. 

Head  usually  with  prominent  rostrum  or  beak  and  the  submentum  always  more  or  less 
produced  into  a  gular  peduncle All  other  Rhynchophora. 

It  is  evident  to  the  writer  that,  in  consideration  of  the  extremes  in 
morphological  characters  to  be  found  in  the  order  Coleoptera,  the 
superfamily  Scolytoidea  occupies  a  position  opposite  to  that  of  the 
Carabidae,  and  that  in  the  Rhynchophora  it  occupies  .an  opposite 
position  to  that  of  the  Apionidse. 

It  seems  desirable  to  place  the  Scolytoidea  first  in  the  classifi- 
cation of  the  Coleoptera,  not  because  of  any  theory  as  to  their  origin 
or  phylogeny  but  because  their  elements  of  structure  seem  to  form  a 
better  and  more  correct  basis  from  which  to  proceed  in  the  interpre- 
tation of  the  progressive  modification  of  the  characters  which  serve 
to  distinguish  the  major  and  minor  divisions  and  groups.  Such  a 
method  should  not  conflict  with  other  methods  because  it  should 
make  little  difference  whether  we  begin  with  the  Scolytoidea  or  the 
Carabidae.  If  the  interpretation  of  the  progressive  modifications 
and  natural  relations  is  correct,  the  relative  positions  of  the  various 
groups  will  be  the  same,  or  similar.  It  is  simply  a  matter  of 
choosing  between  the  two  directly  opposite  methods  to  attain  the 
same  result  and  of  adopting  the  one  which  seems  to  be  more  in  accord 
with  the  natural  course  of  change  or  evolution  from  one  extreme  to 
the  opposite. 

If  we  begin  with  the  scolytoid  beetles  we  find  throughout  the  sub- 
order Rhynchophora  two  dominant  or  constant  characters,  namely, 
the  rigid  maxillae  and  the  Jegless  larvae.  We  find  also  certain  change- 
able characters  repeatedly  paralleled  in  the  various  major  and  minor 
groups,  and  that  the  general  progressive  modification  of  these  charac- 
ters, as,  for  example,  the  tendency  toward  a  prolongation  of  the  head, 
represents  a  separate  and  greatly  diverging  line  of  morphological 
expression  or  evolution  from  that  prevailing  in  the  other  divisions  of 
the  Coleoptera. 

In  the  other  divisions  of  the  Coleoptera  the  divided  maxilla,  with 
flexible  palpi,  and  the  legged  larvae  are  the  prevailing  and  more  domi- 
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nant  characters.  Here,  again,  there  are  a  number  of  changeable  and 
frequently  parallel  characters,  the  progressive  modification  of  which 
shows  many  diverging  lines  toward  the  extreme,  as,  for  example, 
the  greatest  development  of  jointed  and  differentiated  appendages  ° 
in  the  larvae,  the  large  size,  the  odd  shapes,  and  the  extraordinary 
elements  of  structure  and  habit. 

It  is  evident  that  the  scolytoid  beetles  could  not  have  been  derived 
from  the  highly  differentiated  carabids  or  scarabseids  and  that  these 
groups  could  not  have  been  derived  from  any  existing  group  of  the 
Rhynchophora.     It  is  also  evident  that  the  species  in  the  two  primary 
divisions  of  the  Coleoptera  which  may  be  the  nearest  representatives 
of  their  primitive  ancestors  are  themselves  so  highly  differentiated 
from  one  another  and  from  ancestral  forms  of  Coleoptera  that  they 
can  not  be  recognized,  or,  if  they  could,  they  would  be  of  little  or  no 
use  as  a  basis  for  speculation  on  the  origin  and  evolution  of  the  order; 
then,  too,  we  have  no  material  in  fossils  on  which  to  base  a  reliable 
hypothesis,  because  only  the  highly  specialized  forms  have  been  pre- 
served.    Therefore  we  must  rely  on  facts  as  they  exist  and  endeavor 
to  discover  and  interpret  the  elements  of  distinction  and  relationship 
which  have  survived  in  the  course  of  their  evolution,  under  the  influ- 
ence of  natural  selection,  dominant  differentiation,  and  progressive 
and  parallel  evolution.     The  writer's  interpretation  of  these  facts, 
so  far  as  they  apply  to  morphological  characters  and  the  distinction 
of  groups  and  species,  will  be  expressed  in  the  tables  of  f  amilies,  sub- 
families, genera,  and  species,  in  the  succeeding  contributions  toward 
a  monograph,  as  will  also  the  progressive  modification  of  characters 
indicative  of  the  lines  of  divergence  from  one  extreme  toward  the 
opposite. 

GENERAL  ANATOMY. 

The  discussion,  illustrations,  and  terminology  of  the  anatomical 
elements  of  Dendroctonm  given  in  Part  I  of  this  bulletin  will  serve 
as  a  basis  for  comparing  the  anatomy  of  representatives  of  other 
genera.  The  writer  has  made  a  detailed  study  of  the  entire  anatomy 
of  only  a  few  representatives  of  other  genera,  but  the  more  important 
elements  of  the  external  and  internal  anatomy  of  representatives 
of  all  of  the  genera  in  the  local  collections  have  been  studied,  involv- 
ing the  preparation  of  over  1,200  microscope  slides.  This,  together 
with  the  work  of  other  investigators,  notably  Lindemann,  Nusslin, 
Fuchs,  and  EichhofT,  gives  us  a  basis  for  a  somewhat  comprehensive 
view  of  the  subject.  There  remains,  however,  an  immense  amount 
of  anatomical  work  to  be  done  before  a  knowledge  of  the  subject  is 
anything  like  complete. 

«  The  writer  holds  that  it  is  by  no  means  proven  that  larvae  with  jointed  append- 
ages are  more  primitive  than  those  without  such  appendages. 
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TAXONOMY. 
MORPHOLOGICAL  CHARACTERS. 

The  principal  morphological  characters  adopted  by  the  writer  to 
distinguish  the  families,  subfamilies,  and  genera,  and  the  major  and 
minor  divisions  of  each  are  to  be  found  in  the  external  anatomy  of 
the  imago.  However,  some  consideration  has  been  given  to  the 
location  of  correlated  characters  in  the  internal  anatomy  and  in  the 
physiological  characteristics  of  the  different  stages  of  development 
from  the  egg  to  the  imago. 

It  has  seemed  to  the  writer  that  in  order  to  have  a  classification 
which  would  indicate  natural  positions  and  lines  of  modification, 
and  at  the  same  time  be  simple  and  practicable,  we  should  endeavor 
to  locate  and  utilize,  as  far  as  possible,  external  characters  which 
are  readily  available  for  examination  by  a  hand  lens  or  the  micro- 
scope without  serious  mutilation  of  the  specimens  by  those  who  make 
use  of  the  systematic  tables  and  descriptions.  The  small  size  of  most 
of  the  scolytoid  beetles  renders  it  difficult  and  tedious  to  examine 
the  minute  and  obscure  elements  of  the  external  and  internal  anat- 
omy, such  as  the  mouthparts  and  the  digestive  and  sexual  organs. 
It  is  very  important,  in  fact  essential,  that  the  taxonomist  should 
study  in  detail,  and  comprehensively,  the  various  elements  of  exter- 
nal and  internal  anatomy  in  order  to  have  a  broad  basis  for  his  con- 
clusions, but  the  general  student  and  investigator  should  not  be 
required  to  go  to  such  extremes  in  order  properly  to  interpret  the 
conclusions.  Therefore  it  has  been  the  object  of  the  writer  to  con- 
form to  the  simple  method  of  expression  rather  than  to  that  involving 
a  complexity  of  detail. 

The  principal  character-bearing  parts  of  the  external  anatomy 
which  appear  to  serve  as  the  best  taxonomic  guides  toward  a  natural 
system  of  classification  are  mentioned  in  the  following  pages  merely 
as  a  basis  for  the  preliminary  classification,  which  is  subject  to 
revision  in  the  more  detailed  treatment  of  the  several  subfamilies. 

SUPERFAMILY  CHARACTERS. 

The  superfamily  is  at  once  separated  into  two  primary  divisions 
by  the  relative  length  of  the  first  tarsal  joint,  and  the  subdivisions, 
sections,  and  families  are  distinguished  by  characters  of  the  tibia 
(PI.  IX).  It  is  interesting  to  note  that  while  the  most  dominant 
character  is  found  in  the  first  joint  of  the  tarsus,  the  modification 
of  this  joint  within  the  families,  subfamilies,  and  genera  is  of  minor 
importance.  The  same,  to  a  lesser  degree,  may  be  said  of  the  tibia, 
in  which  the  character  of  the  apical  angles  is  constant  within  each 
subdivision  of  the  superfamily  but  the  modification  of  these  angles 
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throughout  the  minor  groups  to  the  species,  except  in  a  few  cases, 
is  of  little  or  no  importance. 

The  complete  opposition  in  the  characters  of  the  apical  angles  of 
the  tibia,  as  shown  in  the  subdivisions,  is  of  special  interest.  There 
is  no  apparent  explanation  on  any  theory  of  use  or  natural  selection, 
but  it  does  appear  to  signify  widely  diverging  lines  of  descent  in 
which  this  reversed  element  in  the  two  subdivisions  has  remained 
as  the  dominant  and  distinctive  character. 

FAMILY  CHARACTERS. 

In  the  classification  of  the  families  Ipidae  and  Scolytidae  into  sub- 
families the  principal  characters  used  to  distinguish  the  divisions 
are  found  in  the  head  (2)a,  pronotum  (4),  and  tarsi  (2). 

The  subdivisional  characters  are  found  in  the  antennae  (2),  tibia  (2), 
and  abdominal  sternites  (2). 

The  sectional  characters  are  found  in  the  antennae  (2),  eyes  (2), 
pronotum  (2),  tibia  (4),  and  form  of  body  (2). 

The  subfamily  characters  are  found  in  the  pronotum  (4),  antennas 
(2),  seventh  abdominal  sternite  (2),  elytra  (2),  and  third  tarsal 
joint  (2). 

It  will  be  seen  that  in  the  classification  of  the  two  families  into 
subfamilies  the  principal  characters  are  found  in  the  head  (8),  pro- 
notum (10),  and  tibia  (7). 

SUBFAMILY  CHARACTERS. 

In  the  classification  (in  manuscript)  of  the  16  subfamilies  of  Ipid» 
and  Scolytidae  into  genera  the  principal  character-bearing  parts  for 
the  divisions,  subdivisions,  and  sections  are  as  follows: 

Divisions:  Head  (1),  antennal  club  (3),  funicle  (3),  eyes  (4),  epis- 
toma  (2),  maxilla  (1) — total  for  head  (14);  pronotum  (5),  tarsi  (3), 
and  elytra  (2). 

Subdivisions:  Antennal  club  (5),  eyes  (4),  funicle  (2),  epistoma  (1), 
maxilla  (1) — total  ior  head  (13);  third  tarsal  joint  (2),  anterior 
coxae  (3),  seventh  abdominal  sternite  (2),  and  pygidium  (2). 

Sections:  Antennal  club  (4),  funicle  (2),  eyes  (1) — total  (7). 

It  will  be  seen  that  in  the  classification  of  the  subfamilies  the 
characters  are  found  in  the  head  (35),  tarsi  (7),  pronotum  (5), 
elytra  (4),  coxae  (3),  seventh  abdominal  sternite  (3),  pygidium  (2), 
and  tibia  (1). 

Subsections  and  series  to  genera:  The  dichotomous  characters  of  the 
subsections  and  series  and  the  distinctive  characters  of  the  genera 
are  as  follows:  Antennal  club  (13S),  funicle  (1 10),  scape  (7) — total  for 


«  The  number  following  the  name  of  a  structure  indicates  the  relative  importance 
or  the  number  of  times  it  figures  in  the  dichotomy. 
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Typical  Tarsi  and  Tibi/e  of  the  Subfamilies  of  Scolytoidea. 

Fig.  1.— Cryphalinae  ( Cryphalus  asperatus).  Fig.  2— Ipinoe  (Ips  typography,*).  Fig.  3.— Oorlhylinae 
(Corthylus  columbianus).  Fig.  4.— Mieracinaj  ( Micracis  suturalis).  Fig.  5.— WebbinsB  (  Webbia  dip- 
terocarpl).    Fig.  6.— Xyloctoninae  (Xyloctonus  scolytoidea)   (adapter!  from   Eichhoff).    Fig.   7.— 
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antennae  (145);  eyes  (143),  epistoma  (6),  front  of  head  (2) — total 
for  head  including  antennae  (297);  pronotum  (29),  elytra  (12),  tarsi 
(8),  tibia  (6),  form  of  body  (5),  pygidium  (2),  abdominal  sternites  (2), 
and  coxae  (5).  Thus  it  is  shown  that  the  most  important  generic 
characters  are  found  in  the  antennae  and  eyes. 

A  summary  of  the  principal  character-bearing  parts,  as  recognized 
by  the  writer  in  his  preliminary  classification,  may  be  tabulated  as 
follows: 

Table  I. — Summary  of  principal  character-bearing  parts  in  the  superfamily  Scolytoidea. 


Characters. 


Tarsi,  first  joint 

Tibia,  apical  angles 

Head 

Pronotum , 

Elytra 

Third  tarsal  Joint 

Coxae 

Seventh  abdominal  sternite. 
Pygidium 


In  the  su- 
perfamily. 


Times  used 
2 
3 


In  the 
families. 


Times  used 


8 

10 

2 

4 


In  the  sub- 
families. 


Times  used. 
7 
1 
35 
5 
4 
7 
3 
3 
2 


In  the  sub- 
sections 

and  series 

to  the 

genera. 


Times  used. 


6 

297 

29 

12 

8 

5 

2 


GENERIC  CHARACTERS. 

The  Antenna. 

(Fig.  96;  Pis.  X-XII.) 


ANTENNAL   FUNICLE. 

The  antennal  funicle  is  perhaps  the  most  important  taxonomic 
element  of  the  scolytoid  beetles.  It  is  one  of  the  first  things  to  be 
looked  for  as  a  guide  to  the  combination  of  characters  which  distin- 
guish the  genus  and,  at  the  same  time,  indicate  its  position  in  the 
classification.  While  the  same  number  of  joints  may  be  paralleled 
many  times  in  the  genera  of  the  same  subfamily  and  in  different  sub- 
families, the  writer  holds  that,  with  very  few  exceptions,  there  must 
be  the  same  number  of  joints  in  the  funicle  of  all  of  the  3pecies  of  a 
genus.  The  exceptions  are  found  in  Hypothtnemus  and  Stephano- 
deres,  in  which  the  males  are  smaller  than  the  females  and  the  an- 
tennal funicle  has  a  less  number  of  joints.  The  males  in  Xyleborus 
and  allied  genera  are  also  smaller  than  the  females,  but  usually  have 
the  same  number  of  joints.  Occasionally  there  is  a  smaller  number 
or  other  abnormal  developments.     (See  fig.  97.) 

The  writer's  conclusions  are  based  on  the  study  of  balsam  mounts 
of  representatives  of  all  of  the  genera  which  have  been  available  to 
him,  and  of  a  large  percentage  of  the  commoner  species.  It  ha3 
been  found  that  a  normal  variation  in  the  number  of  joints  in  the 
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same  sex  of  tho  species  of  a  well-defined  genus  is  exceedingly  rare. 
Therefore,  an  odd  number  of  joints  in  examples  of  the  dominating 
sex  either  indicates  an  abnormal  development  or  a  different  genus. 
If  abnormalities  occur,  they  may  be  easily  detected  by  the  combina- 
tion of  other  generic  characters.  The  number  of  joints  in  the  anten- 
na! funicle  of  the  scolytoid  beetles  is  limited  to  seven,  and  there  is 

probably  no  normal 
exception  to  this  in 
the  superfamily,  and 
probably  not  in  the 
entire  Rhynchophora, 
or,  if  so,  it  will  be  ex- 
ceedingly rare. 

According  to  the 
number  of  joints  in  the 
funicle,  the  221  gen- 
era, including  many 
new  ones,  are  distrib- 
uted as  follows: 

Table    II.— Funicular 

joints  in  the  super/amity 


r,  mpii  inn  scoi  ion :  /".  ap  i 


v.-tumI  imcli™ 


.[[.^■irni'ii;  .'a.d'orsil  Irintr.  0,0] 

-  ft,  I!;.!:.;  or  c Kir:  i,  lt.isii]  s^uon.j,  mt 

;il  aiijile;  i.6  dorsal  lobe;  I 


in;  k.  uiMi'iil  sn'iiuii;  ka    ujiiral  aiiiilc;  kli,  dorsal  lode;  I, 
t'li'j  of  juitils;    ui.dorsiil  unjili's:  raa,  (umrutar  (riiiee  ot 


r,  il HT.--U I  arm  v 
V!  nir.il  fririL;c: 
ciimlii'in  i)i-i-ii.> 

■JTI.-LI  ivi.     |JTi-, 

"  |.  ir;Ll..ii  jiiirli 
In!.--.  <;,  : .|i 

tmiic  ii.'iui.    ■ 


.lie;  t, 


n.  1 ;  o.  .  i  -rural  »|itum  or  single  soptum; 

nr  di.-.jl.l..  s"|il:i;  .<,  i-hitiiunia  suture;  '. 
I.i  i  ■ ..  .  ill,  iirininnlii-m.  ljris'1..;  ir.  ,-c- 
in!i]iiuii:i-Liiti  i)r  .■-■.Jliirnl  an  111  iM  kin;  c, 
id  *'1ai  ^rMTiicli'^:  va,  wilhiilvp  area; 

med  n{ 
steading  at  right  angina 


I,  solid;  J),  in  ii  i  ii  I  at  i  :il:  i 


1  joint  in  3  genets  rep- 
resenting 1  Bubfamily. 

2  joints  in  6  genera,  rep- 
resenting 2  subfamilies. 

3  joints  in  13  genera  rep- 
resenting 4  subfamilies. 

4  joints  in  44  genera  rep- 
resenting 7  sub  families  . 

5  joints  in  73  genera  rep- 
resenting 9  subfamilies. 

6  joints  in  31  genera  rep- 
resenting 9  subfamilies. 

7  joints  in  51  genera  rep- 
resenting 9  subfamilies. 

Total,  221  genera  repre- 
senting 16  subfamilies. 

Among  eight  genera 
of  doubtful  position 
the  number  of  joints 
of  one  genus.     Three 


in  tho  funicle  is  not  given  in  the  descripti 
genera  have  5,  one  has  6,  and  three  have  7  joints. 

Within   tho  subfamilies   the   progressive   modification   in   generic 
characters  and   characteristics   appears   to   be   associated  with    the 

"This  table  includes  eleven  recently  described  genera  which  have  been  provi- 
sioiially  referred  to  subfamilies. 
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increase  in  the  number  of  joints  in  the  funicle.  The  exception  to 
this  rule  appears  to  be  shown  in  the  Corthylinae  where  the  one-jointed 
and  two-jointed  funicles  are  characteristic  of  genera  which,  in  certain 
lines,  have  progressed  further  than  genera  in  other  subfamilies  with 
five,  six,  and  seven  joints.  But  it  is  by  no  moans  certain  that  these 
Corthylinsa  are  not  highly  specialized  survivors  of  one  of  the  most 
ancient  groups  in  which  a  one-jointed  funicle  became  the  fixed  and 
dominant  character. 

It  is  interesting  to  note  in  Table  II  that  the  five-jointed  funicle 
is  common  to  the  greater  number  of  genera.     All  but  two  of  the 
classified  genera  with  a  five-jointed  funicle  fall  in  the  subfamilies  of 
the  Ipidse  and    the 
large     majority     of 
them  in  the  first  di- 
vision;   while     the 
genera  with  a  seven- 
jointed  funicle   fall      i 
in  the  last  part  of       ' 
Division  II  of    the 
Ipidse    and    in    the 
family  ScolytidsB.  . 

ANTENNAL    CLUB. 

The  antennal  club      & 
comes  next  to    the 
funicle  as  a  bearer 
of  important  generic 

characters.  the         p,^  ^.—Abnormalities  In  the  antennal  funicle  of  Xyltbarvt  tacky 

range   in    modifiea-        J^Jui/^-VX'"^ 

ti.iTic      nf        f.irxn       ij  toriur  nsi «'■■■!  of  club  and  funiclr  of  c:  r.  aoierior  jsj.d  ofritfbl.  club 

MUIIS      OI        lorni      IS  and  (uni(.le  of  same  8pec imaa  „,  (l/>  po^^r  aaped  0, ,;  ^  posterior 

from      a      narrow,        Jf^oif^S1)* Bntenna  of  "1Mher  apecimen;  *■ anto,lor  Mpoot  °' 
somewhat       com- 
pressed and  distinctly  annulatcd  club  like  that  of  Ilypothenemus  and 
Piiyophthorus  to  the  broad,  thinly  compressed,   thickened   at   base, 
obliquely  truncated,  solid  conical,  or  separated  joint  form. 

In  179  genera  123  have  a  more  or  less  compressed  and  annulated 
club,  in  44  the  club  is  thickened  at  base,  and  in  12  it  is  conical.  In 
170  genera  144  are  annulatcd,  36  not  annulated,  and  in  9  the  joints 
are  separated.  In  136  genera  52  have  sutural  septa,  74  are  without 
sutural  septa,  and  10  have  chitinized  sutures. 

It  appears  that  the  chitinized  septum  of  the  club,  while  variable 
and  paralleled  in  different  genera,  is  a  good  generic  character.  The 
septa  vary  in  number  from  one  to  four  and  usually  occur  toward 
the  ventral  margin,  but  may  also  occur  toward  the  dorsal  margin 
of  one  or  two  sutures.  The  range  of  modification  appears  to  be 
59026°— 15 2 
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from  a  club  with  one  or  more  septa  to  an  annulated  club  with  chiti- 
nized  sutures  and  without  septa,  to  a  solid  club  without  annulations 
or  septa,  or  to  a  conical  club  with  chitinized  joints. 

The  septum  is  evidently  the  remnant  of  the  chitinized  elements 
of  a  movable  joint,  indicating  that  the  progressive  modification  of 
the  antennae  toward  the  opposite  extreme  has  been  by  the  process 
of  reduction  or  fusion  of  two  or  more  joints,  while  the  modification 
of  the  funic! e  has  evidently  been  along  the  line  of  accession  by  divi- 
sion as  is  indicated  in  the  funicle  of  the  retrograde  sexual  forms 
(fig.  97)  and  in  the  nymphs  of  certain  Hemiptera  and  Isoptera. 

Thus  we  have  in  a  single  organ  evidence  of  progressive  modificar- 
tion  by  reversed  processes  which  is  not  unreasonable  and  does  not 
necessarily  conflict  with  the  facts  and  principles  of  other  evolu- 
tionary processes. 

ANTENNAL   SCAPE. 

The  antennal  scape  is  variously  modified  from  simple  and  slender 
to  short,  stout,  dilated,  and  fringed,  but  is  of  less  importance  as  the 
bearer  of  generic  characters  than  either  the  funicle  or  the  club. 

The  Eyes. 

The  eyes  are  variously  modified  and  range  from  simple,  elliptical, 
round  or  oval,  to  emarginate  or  completely  divided  and  from  widely 
separated  on  the  dorsal  or  ventral  area  to  approximate  on  one  or 
on  both  areas.  In  114  genera  the  eyes  in  65  are  simple,  in  98  emargi- 
nate, and  in  10  divided.  Among  those  with  simple  eyes,  4  have  them 
approximate  on  the  dorsal  or  ventral  areas. 

The  Mouthparts. 

The  characters  of  the  mouthparts  have  been  quite  extensively 
used  by  systematists  in  the  definition  of  genera,  but  while  the  writer 
recognizes  that  some  excellent  characters  are  to  be  found  in  the 
mouthparts,  he  is  convinced  that  they  are  by  no  means  essential  for 
the  definition  or  classification  of  the  genera.  The  principal  objection 
to  their  use,  as  every  systematist  has  doubtless  recognized,  is  that 
they  are  not  available  for  interpretation  without  mutilating  the  spec- 
imen, which  in  the  case  of  rare  or  unique  specimens  and  those 
from  other  collections  is  out  of  the  question.  Another  serious  objec- 
tion is  in  the  fact  that  no  two  balsam  mounts  of  a  maxilla  of  the  same 
species  present  the  same  contours  and  angles,  and,  therefore,  these 
may  appear  to  be  quite  different  except,  perhaps,  in  the  number  and 
relative  lengths  of  the  joints  of  the  palpus. 
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EPISTOMA. 

The  epistoma  in  all  of  the  species  examined  shows  more  or  less 
important  generic  and  specific  characters.  There  is  a  wide  range  of 
modification,  from  a  simple,  transverse,  chitinous  piece  with  few  or 
no  epistomal  bristles  to  the  epistomal  process  of  Dendroctonus  and 
the  exceedingly  long  epistomal  horn  of  Cactopinus,  or  the  flattened 
labral-like  form  in  Pycnarthrum. 

HYPOSTOMA. 

The  hypostoma  is  also  quite  variable  and  can  be  used  to  good 
advantage  in  the  more  detailed  definition  of  a  genus  or  larger  group. 

LA BRUM. 

The  absence  of  a  true  labrum  in  the  adult  scolytoid  beetle  appears 
to  be  universal.  It  has  been  stated  by  Eichhoff  that  it  was  present 
in  Pycnarthrum,  but  an  examination  of  a  balsam  mount  has  convinced 
the  writer  that  this  is  only  a  produced  median  area  of  the  epistoma. 

CHARACTERS  IN  GENERAL. 

The  Body. 

The  size,  form,  color,  vestiture,  sculpture,  and  armature  of  the 
body  represent  characters  of  more  or  less  importance  in  indicating 
lines  of  progressive  modification  and  as  aids  in  generic  and  specific 
definition.  The  size  ranges  from  0.4  or  0.5  mm.  in  the  males  of  some 
Hypothenemus  to  13  mm.  in  Phl&oborus.  While  there  is  more  or 
less  variation  in  the  size  of  the  individuals  of  a  species,  the  length  is 
important  not  only  as  a  guide  to  the  recognition  of  a  species  but  as 
an  index  to  its  proper  position  in  the  minor  section  of  the  genus  to 
which  it  belongs.  The  writer  has  found  that,  as  a  rule,  the  smaller 
species  of  a  division,  subdivision,  or  section  of  a  genus  will,  according 
to  other  correlated  characters,  occupy  a  position  opposite  to  that  of 
the  larger  species.  In  the  system  adopted  by  the  writer  the  genera 
with  the  average  smaller  species  come  first  in  the  subfamily  and  in 
each  primary  and  minor  division,  and  in  the  genus  the  smaller  forms, 
as  a  rule,  precede  the  larger.  There  are,  of  course,  exceptions  to  this 
rule,  especially  in  genera  with  few  and  widely  separated  species. 

FORM. 

The  form  of  the  body  ranges  from  elongate  and  slender  to  short  and 
stout,  and  it  would  appear  that  the  range  in  progressive  modification 
is  from  the  slender  to  the  stouter  forms. 
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COLOR. 

The  color,  except  in  a  few  genera,  is  of  little  taxonomic  importance. 
It  ranges  from  pale  yellow  through  yellowish  red,  reddish  brown, 
brown,  and  black.  In  a  few  genera  the  chitinous  integument  of  the 
elytra  or  other  parts  of  the  body  is  bicolored;  in  others  the  varie- 
gated color  is  confined  to  the  vestiture.  Metallic  and  iridescent 
colors  are  rare. 

VESTITURE. 

The  vestiture*  is  of  considerable  taxonomic  importance.  It  con- 
sists of  scales,  stout  hairs,  barbed  hairs,  plain  hairs,  fine  pubescence, 
gummy  exudations,  or  adherents.  The  range  in  progressive  modi- 
fication of  the  vestiture  appears  to  be  from  scales  to  stout  hairs,  from 
barbed  hairs  to  simple  hairs,  and  from  a  sparsely  pubescent  to  an 
entirely  glabrous  body. 

SCULPTURE. 

In  the  sculpture  of  the  body  there  is  endless  variety.  It  may  be 
rugose  or  smooth,  the  rugosity  fine  or  coarse,  the  punctures  sparse  or 
dense,  arranged  in  rows  or  confused,  regular  or  irregular  in  size, 
irregularly  distributed  on  given  areas,  etc.  Some  of  the  elements 
of  sculpture,  such  as  the  rugose  or  smooth  pronotum,  are  of  value 
in  separating  the  major  and  minor  groups  of  the  families,  but  the 
characters  of  the  rugosities  and  punctures  are  of  special  value  in 
defining  the  smaller  groups  and  species.  Concavities  and  convexi- 
ties of  the  front  of  the  head  and  of  the  apical  declivity  of  the  elytra  are 
often  important  generic,  specific,  and  secondary  sexual  characters. 

ARMATURES. 

The  armatures  of  the  pronotum,  head,  and  elytra  are  important 
in  the  definition  of  genera,  species,  and  sexes.  The  armature  of  the 
head  reaches  its  extreme  development  in  the  epistomal  horn  of 
Cactopinus.  The  armature  of  the  declivity  is  strongly  developed 
in  XyleboruSy  Xylocleptes,  and  Eccoptopterus  of  the  Cryphalinae;  in 
Pityogenes  and  lps  of  the  Ipinae;  in  Hylocurus  in  the  Micracinae;  in 
Monarthrwm  and  Amphicranus  of  the  Corthylinse,  and  in  most  of 
the  genera  of  the  Platypodinae.  As  a  rule  the  modification  from  a 
simple  unarmed  body  to  one  with  moderately  or  strongly  armed 
parts  is  correlated  with  other  elements  of  progressive  modification. 
The  serrate  armature  of  the  anterior  margin  of  the  pronotum  is  of 
considerable  taxonomic  importance.  The  apical  serrations  are  com- 
mon in  the  Cryphalinae  and  Ipina?,  but  rare  or  absent  in  the  other 
subfamilies.  The  extremes  in  apical  armature  are  found  in  Hypo- 
ihenemus  miles  Lee,  and  in  some  other  species,  as,  for  example,  the 
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male3  of  certain  species  of  Xyleborus,  and  in  Amphicranus  fastigatus 
Blndfd.  The  modification  of  the  apex  appears  to  progress  from  an 
apically  serrate  to  a  simple  one  or  to  one  with  an  apical  process. 

HEAD. 

The  head  is  the  most  important  part  of  the  body  in  representing 
the  greatest  number  of  taxonomic  characters.  Its  modification  is 
from  a  short  and  narrow  or  broad  and  globular  form  concealed  from 
above  by  the  pronotum,  toward  a  narrow  elongate  form  exposed 
beyond  the  apical  margin  of  the  pronotum.  The  tendency  toward 
the  prolonged  subrostrate  form  indicates  a  line  of  progressive  modi- 
fication which  is  characteristic  of  the  major  and  minor  groups  of  all 
of  the  Rhynchophora,  the  extremes  of  which  are  found  in  the  small, 
short,  globular  head  of  the  Ipidae  and  the  exceedingly  prolonged 
beak  of  Apion,  Balaninus}  and  other  genera.  In  the  Scolytoidea, 
Cosmoderes  to  Stephanoderes  of  the  Cryphalinae  have  the  shortest, 
simplest  head,  while  the  extreme  is  reached  in  certain  genera  of  the 
Hylesininae,  Hexacolinae,  and  Chapuisinae,  with  the  extreme,  or  nearest 
approach  to  Curculionidae,  in  Hylurgops  and  Hylastes.  With  a  few 
exceptions  the  concealed  head  is  characteristic  of  the  first  division 
of  the  Ipidae  and  the  Scolytidae,  while  the  exposed  head  is  charac- 
teristic of  the  second  division  of  the  Ipidae  and  the  Platypodidae. 
The  antennae,  eyes,  and  mouthparts  have  been  discussed  in  pre- 
ceding pages.  The  front  of  the  head  is  of  special  importance  in 
defining  the  species  and  sexes,  and  ranges  from  convex  and  glabrous 
to  deeply  concave  and  densely  pubescent. 

PROTHORAX. 

The  prothorax  (Part  I,  figs.  16  and  17,  pp.  23-24)  represents  a 
wide  range  of  progressive  modification  from  long  and  narrow  to 
short  and  broad;  the  pronotum  with  sides  and  base  not  margined 
to  margined  and  simple  or  to  emarginate,  while  the  anterior  dorsal 
area  ranges  from  closely  and  finely  rugose  to  coarsely  asperate,  and 
from  alutaceous  or  opaque  to  smooth  and  shining.  The  pleura 
range  from  convex  to  flat  and  concave,  the  anterior  coxae  from  con- 
tiguous to  widely  separated,  and  the  sternal,  sternellar,  and  post- 
sternellar  areas  vary  with  the  form  of  the  prothorax  and  the  size 
and  position  of  the  coxae.  The  vestiture  and  sculpture  of  the  an- 
terior median  and  posterior  dorsal  and  lateral  areas  often  represent 
generic  and  specific  characters  of  special  importance. 

MESOTHORAX. 

The  meso thorax  (Part  I,  figs.  18,  19)  is  exceedingly  variable, 
conforming  to  the  variable  form  of  the  body.  It  doubtless  contains 
many  group,  generic,  and  specific  characters  which  may  settle  difficult 
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questions  of  distinction  and  definition  and  should  be  considered  in  all 
detailed  studies  of  single  genera  and  allied  groups  of  genera.  The 
scutellum  has  been  extensively  used  by  systematists,  and  a  detailed 
comparative  study  of  this  element  in  a  wide  range  of  genera  and 
species  should  be  made  to  determine  its  real  significance  in  taxonomy. 
The  pleurum  (Part  I,  fig.  19)  is  also  exceedingly  variable  in  the  form 
and  sculpture  of  the  epimeron,  episternum,  and  preepisternum,  while 
the  remarkable  structure  designated  as  the  preepisternal  process 
(Part  I,  p.  29)  is  of  special  taxonomic  importance  since  its  presence 
or  absence  is  peculiar  not  only  to  groups  and  divisions  of  the  Scoly- 
toidea  but  to  many  other  groups  of  Coleoptera,  and  evidently  represents 
an  extreme  in  progressive  modification  which,  in  connection  with 
other  progressively  modified  elements,  will  doubtless  serve  as  an  index 
to  the  systematic  position  of  genera  and  species.  The  elements  of 
the  sterna  (Part  I,  fig.  18)  are  also  variable,  but,  like  the  prosterna, 
their  modification  conforms  to  the  variable  form  of  the  body,  and  they 
are  of  less  importance  than  the  more  independent  structures  like  the 
scutellum  and  preepisternal  process. 

METATHORAX. 

The  metathorax  (Part  I,  figs.  20,  21)  is  quite  variable  in  general 
characters  and  especially  s:>  in  some  of  the  elements  of  the  tergum, 
probably  due  to  the  variable  form  of  the  body  and  the  requirements 
of  flight.  There  is  considerable  variation  of  this  element  within  the 
species  of  a  genus  and  often  there  are  wide  differences  in  allied  genera. 
Perhaps  the  element  subject  to  the  greatest  variation  is  the  postscutel- 
lum,  which  ranges  from  obscure  or  rudimentary  to  almost  the  length 
of  the  combined  anterior  elements.  The  scutellar  groove,  the  trans- 
verse sutures,  and  the  entothoracic  ridges  or  apodemes  are  also  quite 
variable.  The  writer  has  examined  the  metatergum  of  quite  a  large 
number  of  species  and  it  would  appear  that  there  may  be  in  it  some 
important  characters  peculiar  to  minor  groups  of  genera,  but  the 
taxonomic  value  of  the  variations  is  largely  limited  to  the  species. 
It  would  therefore  be  difficult  to  trace  correlated  lines  of  progressive 
modification.  Nevertheless,  a  special  comparative  study  of  the 
metathorax  should  be  made  of  a  very  large  number  of  examples  repre- 
senting all  of  the  genera  to  determine  whether  or  not  there  are  special 
taxonomic  elements  or  recognizable  lines  of  modification.  The  epi- 
sternum  (Part  I,  fig.  20)  is  quite  variable  in  length,  width,  sculpture, 
and  vestiture  and  is  of  considerable  taxonomic  importance.  The 
metasterna  are  also  variable  in  conformity  with  the  variable  form  of 
the  body.  The  sternum  always  occupies  the  greater  part  or  nearly 
all  of  the  area.  The  greatest  range  of  variation  between  the  elements 
of  the  metathorax  is  to  be  found  in  the  short  and  broad  forms  of  the 
stouter  species  of  the  Ipidte  and  Scolytidae  and  the  exceedingly  long 
and  narrow  forms  peculiar  to  the  Platypodida?. 
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LEGS. 

There  is  a  wide  range  of  variation  in  the  form,  color,  sculpture,  and 
relative  proportions  of  the  coxa,  trochanter,  tibia,  and  tarsus  of  the 
anterior,  median,  and  posterior  legs.  (Part  I,  figs.  1,  3,  26-29.)° 
The  anterior  tibia  and  tarsus  are  of  special  taxonomic  importance  in 
distinguishing  the  primary  and  secondary  divisions  of  the  superf  amily 
and,  to  a  less  extent,  in  distinguishing  the  primary  or  minor  groups  of 
the  families,  subfamilies,  and  genera.  (Pis.  X,  XIII-XVI.)  The 
variation  in  the  tibia  is  from  a  simple,  compressed,  slightly  dilated 
form  with  the  outer  margin  serrate,  as  in  Hypothenemits,  to  a  short, 
broad  form  with  parallel,  smooth  margins,  as  in  Micracis  and  Scolytus, 
or  broader  at  the  base,  as  in  Webbia  and  Hypoborus,  and  to  extreme 
and  odd  forms  as  in  Platypus.  The  character  of  the  vestiture  usually 
conforms  to  that  of  the  body,  such  as  scales,  barbed  hairs,  and  simple 
hairs,  varying  in  distribution  and  density  on  the  ventral  and  dorsal  areas 
and  the  margins.  The  sculpture  ranges  from  smooth  to  imbricate 
and  from  irregular  rugosities  to  prominent  ridges,  the  latter  reaching 
a  maximum  development  in  Platypodidse.  The  tarsi  vary  in  form 
from  slender  to  stout  and  the  joints  in  relative  lengths,  widths,  and 
vestiture.  The  third  joint  varies  from  simple  to  emarginate.  and 
deeply  bilobed,  with  the  ventral  surf  ace  ranging  from  nearly  glabrous 
to  pubescent  and  to  densely  padded,  which  latter  extreme  is  found  in 
PMceoboms. 

ELYTRA. 

The  elytra,  or  anterior  wings,  are  exceedingly  variable  in  form, 
vestiture,  and  sculpture,  ranging  from  the  simple  types  with  scales, 
fine  punctures,  and  obscure  striae  which  are  not  impressed,  as  in 
Hypothenemus,  to  the  forms  with  hairs  and  with  distinctly  impressed 
striae  and  e^vated  interspaces,  the  latter  with  rugosities  and  rows  of 
punctures  or  smooth  and  without  punctures;  the  base  from  plain  to 
strongly  elevated  and  serrate;  the  sides  from  parallel  to  converging 
posteriorly  or  strongly  rounded;  the  dorsal  area  from  flat  and  straight 
to  convex  and  strongly  rounded  from  base  to  apex;  the  declivity 
from  plain,  steep,  and  convex  to  retuse  or  armed  and  strongly  oblique 
from  base  to  apex,  and  the  side  margins  from  serrate  to  straight  or 
emarginate.  With  all  of  these  almost  endless  variations  and  their 
different  combinations  of  elements  there  is  available  a  profusion  of 
characters  for  the  definition  of  groups  of  genera  and  species. 

POSTERIOR    WIXGS. 

The  true  functional  wings,  as  pointed  out  by  Nusslin  (1911),  are 
quite  variable  in  form,  proportions,  and  character  of  the  venation 
and  represent  two  specifiod  types,  one  with  and  the  other  without 

<*  Figures  26-29,  Part  I,  represent  the  reverse  faces  of  the  right  instead  of  the  left 
tibia,  a  mistake  which  was  unfortunately  overlooked  in  the  manuscript  and  proofs. 
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a  basal  lobe.  The  writer  has  given  considerable  attention  to  the  study 
of  the  wings  of  the  Scolytoidea  and  other  insects,  but  he  has  failed 
to  find  any  constant  and  readily  recognizable  characters  in  the 
Scolytoidea  which  appear  to  be  of  sufficient  taxonomic  value  to 
justify  giving  them  special  attention.  If  there  is  any  particular 
line  of  progressive  modification  in  the  wings  it  is  to  be  found  in  the 
subfamilies  and  minor  groups,  in  which  the  range  appears  to  be  from 
a  simple  type,  like  that  of  Hypot7ienemu8}  CrypTialus,  and  Cryp- 
turgus,  with  a  narrow,  simple  base,  long  fringe,  and  simple  venation, 
toward  a  broader  base,  lobed  or  not,  and  with  an  increasing  number 
and  complexity  of  veins.  The  writer  realizes  that  the  complex 
type  of  venation  is  generally  supposed  to  be  more  primitive  than 
the  simple  type  with  few  or  no  veins,  but  he  is  by  no  means  convinced 
that  this  is  the  correct  interpretation  as  applied  to  the  wings  of  all 
insects.  The  wings  in  different  orders  of  insects  may  be,  in  spite  of 
the  prevailing  opinion,  the  result  of  independent  origin  from  simple 
types  of  primitive  winglike  processes,  and  their  evolution  may  have 
been  influenced  by  two  primary  factors:  (1)  A  dominant  tendency 
to  perpetuate  and  promote  lines  of  modification  peculiar  to  and  in 
conformity  with  the  dominant  morphological  characters  peculiar  to 
the  order,  and  (2)  adjustment  of  this  modification  to  the  peculiar 
mechanical  needs  of  the  varying  related  forms,  with  frequent  examples 
of  parallel  modifications  in  unrelated  species. 

In  Ntisslin's  table  (1911,  pp.  302-304)  the  wings  without  basal 
lobes  are  found  in  widely  separated  genera,  representing,  according 
to  the  present  writer's  classification,  two  families  (Ipidse  and  Scolytidae) 
and  five  subfamilies,  while  the  wings  with  basal  lobes  are  found  in  five 
subfamilies  of  the  Ipidae.  It  is  evident  that  whenever  the  wings 
are  studied  in  their  relation  to  other  of  the  more  important  taxonomic 
characters  and  characteristics  of  the  species,  the  variations  noted 
by  Xusslin  will  be  of  considerable  value  in  the  definition  of  minor 
groups  of  genera  and  species,  but  the  difficulty  of  spreading  the 
wing3  and  securing  good  balsam  mounts  will  preclude  their  general 
use. 

ABDOMINAL   TERGITES. 

The  general  character  of  the  abdominal  torgites  is  shown  in  Part  I, 
figures  22,  23,  and  24.  While  there  is  considerable  variation  in  the 
first  to  sixth  tergites,  inclusive,  in  the  same  individual  and  between 
individuals  of  different  species,  the  seventh  and  eighth  are  the  ones 
of  special  importance  in  the  identification  of  the  genus  or  sex.  Ac- 
cording to  Xusslin  (1911),  who  examined  16  genera,  the  eighth  ter- 
gito  is  not  covered  in  either  sex  in  11  genera,  and  is  exposed  in  the 
male  and  covered  in  the  female  in  5  genera.     The  writer  has  found 
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the  eighth  to  be  uncovered  in  both  sexes  in  three  genera,  uncovered 
in  the  male  and  covered  in  the  female  in  13  genera,  and  covered  in 
both  sexes  in  3  genera. 

According  to  the  writer's  classification,  the  31  genera  in  which 
species  were  examined  by  Niisslin  and  the  writer  represent  the 
following  subfamilies: 

Table  III. — Abdominal  tergites  in  the  subfamilies  of  Scolytoidea  in  which  species  were 

examined  by  Niisslin  and  the  writer. 


Crvphalin® 

Ipuiae 

CorthylinsB 

Micracinee 

Crypturein®.., 
PhKEOtnbinse. 

Hylesininse 

Scolytinse 

Platypodinae.. 


Total. 


Subfamily. 


Eighth  ter- 
gite uncov- 
ered in  both 
sexes. 


Genera. 


6 
2 


Eighth  ter- 
gite  uncov- 
ered in  male, 
not  in  female. 


Eighth  ter- 

gite  covered 

in  both  sexes. 


Genera. 


1 
2 


3 
2 
4 
1 


Genera . 


2 
» 
1 


12 


From  the  foregoing  it  will  be  seen  that  the  characters  of  the  seventh 
and  eighth  tergites  are  paralleled  in  widely  separated  genera  and  sub- 
families. The  writer  has  found  that  the  eighth  tergite  may  or  may 
not  be  exposed  or  covered  in  the  same  genus  or  in  individuals  of  the 
same  species,  especially  in  Platypus,  where  the  eighth  tergite  is  of  the 
same  or  similar  form  in  both  sexes  and  may  be  covered  or  not,  de- 
pending upon  the  expansion  or  contraction  of  the  abdomen.  It  is 
evident  that  a  much  more  extensive  study  of  these  elements  is  neces- 
sary before  any  conclusions  are  warranted  as  to  their  taxonomic 
value  or  lines  of  progressive  modification.  In  a  number  of  genera 
the  seventh  or  eighth  tergite,  or  both,  is  exposed  beyond  the  apex 
of  the  elytra  and  is  either  oblique,  declivous,  or  vertical.  The  ninth 
and  tenth  tergites  are  absent  as  such  or  are  modified  into  elements 
of  the  genital  organs. 

ABDOMINAL    SPIRACLES. 

According  to  Niisslin  (1011)  and  Fuchs  (1912)  the  number  of  func- 
tional abdominal  spiracles  (stigmata)  ranges  from  five  to  seven.  The 
larvae  and  pupae,  so  far  as  studied  by  the  writer,  have  eight. 

The  spiracles  are  variable  in  structure  and  doubtless,  upon  further 
investigation,  will  furnish  excellent  taxonomic  characters.  The 
writer,  however,  is  doubtful  as  to  the  phylogenetic  significance  of  the 
variability  in  number.  The  genera  given  by  Niisslin  (1911,  pp.  2-5) 
and  Fuchs  (1912,  pp.  13-14)  which  are  represented  by  species  having 
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from  five  to  eight  spiracles  fall  into  the  following  subfamilies  as  recog- 
nized by  the  writer: 

Table  IV. — Abdominal  spiracles  in  the  subfamilies  of  Scolytoidea  in  which  species  were 

examined  by  Niisslin  and  Fuchs. 


Subfamily. 


Cryphalinae. 

Ipinae 

Corthylinae . 
Micracinae . . 


Eight 
spiracles.o 


Genera. 


Cryptur^inae . . 
Phlceotribinfe. 
Hylesininse... 
Soolytinee 


Six 
spiracles. 


Genera. 


Genera. 


2 
1 


3 

i 


Five 
spiracles. 


Genera. 


2 
1 
8 
1 


1 
2 


Total 


15 


2 
1 
4 
3 


12 


a  The  eighth  spiracle  is  rudimentary. 

In  the  genus  Hylesinus  (Fuchs,  ibid.,  p.  13)  there  are  from  five  to 
seven  spiracles  with  the  sixth  and  seventh  rudimentary,  while  in 
Dendroctonus  and  Hylurgops  the  eighth  is  rudimentary.  Doubtless 
if  the  number  of  abdominal  spiracles  were  determined  for  all  of  the 
species,  some  good  evidence  would  be  furnished  as  to  lines  of  modi- 
fication. 

ABDOMINAL   STERNITES. 

The  abdominal  sternites  1  and  2  are  fused  and  concealed  in  the 
coxal  cavity,  3  to  7  are  exposed,  and  the  eighth  is  covered  by  the 
seventh,  while  the  ninth  and  tenth  evidently  are  represented  by  the 
genital  organs.  (See  Pt.  I,  pp.  25  and  38,  and  Technical  Series  20,  Pt. 
I,  Pis.  VII,  VIII,  and  IX,  as  also  the  discussion  of  the  reproductive 
organs  in  the  present  paper.)  The  exposed  sternites  are  quite  vari- 
able in  the  different  genera  and  species,  and  certain  characters  are  of 
value  in  designating  minor  groups  of  genera,  but  few,  if  any,  are  com- 
mon or  peculiar  to  a  subfamily. 

The  modifications  range  from  the  simple  type  found  in  the  Crypha- 
linae to  the  steep,  excavated,  armed,  and  odd  forms  of  the  Scol}rtidaB 
and  Platypodidae.  There  is  a  wide  variation,  which  is  apparently 
of  specific  importance,  in  the  eighth  ventral  segment.  The  palpi  of 
the  ninth  ventral  segment  (Niisslin,  Fuchs,  and  others)  found  in  the 
females  of  Scolyfus  and  Hylesinus,  may  after  all  represent  the  tenth 
tergite  or  sternite,  one  or  both  of  which  may  be  represented  by  the 
ovipositor  as  in  certain  Curculionoidea  (Pissodes),  Cerambycoidea 
(Cijllau),  and  many  other  insects.  But  this  is  a  matter  requiring 
more  comprehensive  investigation. 

STRIDULATING   ACCESSORIES. 

The  stridulating  accessories  liavo  not  been  investigated  by  the 
writer  in  many  genera  but  they  appear  to  be  confined  largely  to  the 
seventh  abdominal  tergite  and  the  inner  subapical  area  of  the  elytra 
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(Part  I,  figs.  23,  31,  and  33)  and  to  the  anterior  margin  of  the  pro- 
notum  and  the  posterior  dorsal  area  of  the  head. 

Internal  Anatomy. 

Considerable  study  has  been  mado  by  Lindemann,  Nusslin,  Fuchs, 

and  others,  of  certain  elements  of  the  internal  anatomy,  especially 

the  proven triculus  of  the  digestive  system  and  the  male  and  femalo 

reproductive  organs.     It  is  evident,  however,  from  a  review  of  the 
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results,  that  as  a  sufficient  basis  for 
general  or  specific  conclusions  a  far 
more  comprehensive  study  is  necessary. 


DIGESTIVE    SYSTEM. 


s'Sltil  cli, [ruler 
Of  the    median 
longitudinal 
__  ,  ,    ,       ..  area.  (Original.) 

rhe  general  typo  of  the  digestive  sys- 
tem is  shown  in  Parti,  figures  35  and  36,  for  the 
adult  and  figure  43  for  the  larva.  Lindemann  (1876,  pp.  148-169), 
Niisslin  (1912,  pp.  85-87,  figs.  135-143),  and  Sedlaczck  (1902,  pp. 
241-263,  figs.  1-20)  show  that  there  is  a  wide  variation  in  some  of 
the  elements  and  especially  in  the  proven  triculus  and  the  median 
and  posterior  section  of  the  midintestine,  but  to  what  extent  these 
variations  are  of  value  in  taxonomy  has  not  been  determined. 

Proventriuui.us. 

The  provcntriculus  (figs.  98-100;  Part  I,  figs.  35-38)  is  of  special 
interest,  and  the  work  of  Lindemann,  Fuchs,  Nusslin,  and  others 
has  contributed  much  valuable  information  on  the  structural  ele- 
ments. 
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There  is  a  wide  range  of  variation  in  the  proventricular  plates  and 
their  armatures,  such  as  the  various  divided  and  undivided  forms 
with  and  without  the  "brush"  of  fine  masticatory  teeth.  These 
variable  forms  appear  to  bo  of  considerable  taxonomic  importance 
when  correlated  with  other  internal  and  external  characters. 

The  classification  proposed  by  Lindemann  and  Niisslin,  as  based 
on  the  structural  characters  of  the  proventricular  plates,  with  a  few 
plainly  evident  exceptions,  correlates  in  a  striking  manner  with  the 
external  characters  adopted  by  the  writer  for  the  major  and  minor 
groups  of  genera.  "When  the  principle  of  parallel  modification  is 
considered,  the  genera  which  seem  to  be  out  of  place  in  the  classifi- 
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cations  based  on  proventricular  characters  alone  will,  when  correlated 
with  a  combination  of  characters,  fall  into  their  natural  positions. 

REPRODUCTIVE  ORGANS. 
Tiik  Reproductive  Organs  of  the  Male. 
Tho  reproductive  organs  of  the  male  (figs.   101—110)  have  been 
studied  and  figured  by  several  investigators  as  follows: 

TAHUlV .-  -SttiiiiHiiri/  of  /in  rion  a  xht'lx ,.  of  Ike  male  rrprodurl  ire  organs  bij  rarimt*  authors. 
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In  addition  to  the  foregoing,  the  writer,  during  the  years  from  1892 
to  1912,  has  studied  the  male  reproductive  organs  of  G8  species,  repre- 
senting 43  genera.     The  total  species  studied  by  all  authors,  with- 
out duplication,  is  147, 
representing  57  genera. 

The  reproductive  or- 
gans of  the  male  repre- 
sent four  primary  divi- 
sions or  elements :( 1)  The 
posterior  chitinized  di- 
vision (fig.  102),  (2)  the 
posterior  membranous 
division(fig.l01),(3)the 
median  division,  and  (4) 
the  anterior  division. 
(See  terminology,  pp. 
192-194.) 


Tho  posterior  chiti- 
nized elements  (divi- 
sion 1)  consist  of  four 
primary  sections,  (a)  the 
body,  (J)  the  end  plates, 
(c)  the  tegmen,  and  (<Z) 
the  spicule.  In  addition 
to  these  more  constant 
elements  there  are  (6i) 
the  seminal  valve  and 
(1)2)  the  seminal  rod, 
both  of  which  appear  to 
bo  more  intimately  asso- 
ciated with  element  J 
than  withelomenta;  also, 
there  are  ( c)  tho  connect- 
ing membrane  and  (f) 
tho  muscles.  From  a 
somewhat  comprehen- 
sive study  of  tho  chiti- 
nized elements  in  the 
scnlytoid  beetles  in  com- 
parison with  those  in 
other  insects  it  seems  plain  that,  so  far  as  these  beet-low  are  concerned, 
the  clutinizod  parts  of  the  male  reproductive  organs  represent  ele- 
ments of  tho  ninth  and  tenth  abdominal  segments,  either  as  direct 
modifications  of  primitive  scleritos  or  as  independent  developments 
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Flo,  104.— PfcpopJMorwsp.:  Chltta- 
ous  elpinpnla  of  male  reproductive 
organs.    Sue    tannlnoir —     ""■'-■' 


7JM" 


from  the  same  fundamental  source  as  that  from  which  the  various 
segmental  lobes,  sclerites,  and  appendages  have  developed.  Tt 
would  appear  best  to  refer  to  the  chitinous  element  of  the  copulatory 
apparatus  as  repre- 
senting certain  seg- 
mental elements 
rather  than  to  as- 
t-dia.  sume  that  they  have 
beenderived  through 
modification  from 
sclerites  or  append- 
ages which  had  ex- 
isted as  such  in  a 
primitive  ancestor. 

It  is  quite  evident 
that  element  a  rep- 
resents the  tenth  aternitey  h  the  tenth  tergite,  c 
theninth  tergite,  and  d  the  ninth  stemite,  while  bt 
and  bS  appear  to  represent  elements  of  either 
the  tenth  tergite  or  of  both  the  tenth  tergite  and 
tenth  sternite.  It  might  also  be  well  to  con- 
sider in  future  investigations  the  possibility  of 
their  representing  the   tenth   pleurites  or  even 

an  additional  eleventh  segment.     The 
,#t  wide  range  in  the  variation  of  these  ele- 

ments, the  absence  of  some  of  them  in 
certain  species,  and  the  joining  or  fusion 
of  two  or  more  in  other  species  render 
}i*  it  exceedingly  difficult  properly  to  in- 

terpret the  primary  and  secondary  ele- 
?,c/  monts,  especially  in  the  more  complex 
and  in  the  apparently  simple  forms. 
The  body,  or  element  a,  is  present  in 
all:  pedes.  It  is  more  or  less  distinct 
from  the  other  elements  and  is  nearly 
always  suggestive  of  a  modified  sternite ; 
the  femora  (al)  appear  to  represent  the 
produced  posterior  angles,  or  apodemes, 
of  a  typical  abdominal  sclerite,  and  the 
lateralfolds  (a2)  appear  in  some  cases  to 
represent  the  hypo  pleurites,  especially 
in  Ips,  where  they  resemble  end  plates 
and  were  so  identified  by  Lindemann.  The  function  of  element  a  is  that 
of  a  sheath  or  tube  for  the  ojaoulatory  snck(J?a)  and  for  the  seminal  valve 
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(bl )  or  the  seminal  rod  (&#),  or  both,  as  the  case  may  be.  The  end  plates 
(b)  are  commonly  present.  They  are  sometimes  fused  with  a2  but 
are  more  often  separated  or  more  directly  connected  with  bl  or  b2.a 
The  end  plates  proper  appear  to  function  as  accessories  to  a  in  forming 
the  sheath  or  outer  tube;  bl  may  function  as  a  valve  to  close  the 
seminal  duct  while  muscular  or  blood  pressure  is  brought  to  bear  on 
the  ejaculatory  sack  to  force  the  seminal  fluid  into  the  copulatory 
pouch,  or  they  may  function,  as  indicated  by  Lindemann,  as  a  furrow 
or  troughlike  support  for  the  posterior  end  of  the  seminal  duct.  The 
end  plates  are  subject  to  great  modification,  from  simple  chitinous 
pieces,  as  in  Pissodes,  to  the  more  complex  structure  with  many  parts, 
as  in  Dendroctonus  (fig.  107),  and  especially  Hylesinus,  or  into  a  long 
slender  troughlike  rod,  as  in  Ips  (fig.  103),  a  stouter  rod  with  apical 
dilation  and  a  long  flagellum,  as  in  Xyhborus,  or  a  brushlike  form,  as 
in  Microtis  (fig.  106),  and  Xylocleptes.  The  function  of  the  slender 
rod  or  apical  filament  is  not  known,  but  it  may  serve  to  conduct  the 
seminal  fluid  directly  into  the  spermathecal  duct. 

When  we  consider  the  enormous  range  of  possibilities  in  the  modifi- 
cation of  tergal  and  pleural  sclerites,  as  manifested  in  the  tergum  and 
pleura  of  the  metathoracic  segment,  we  can  readily  understand  that 
the  most  complicated  and  complex  copulatory  apparatus  yet  found 
in  insects  is  comparatively  simple  and  that  the  possibilities  of  further 
modification  have  not  been  exhausted. 

The  tegmen,  or  ring  (c),  is  generally  present  but  may  be  obscure  or 
absent.  There  is  a  wide  range  of  variation,  from  a  simple  and  ven- 
tral plate  (Scolytus  rugulosus,  fig.  108)  or  fork  (S.  qvadrispiriosus, 
fig.  109,  and  Crossotarsus,  fig.  110)  to  a  continuous  simple  ring  or  band 
(fig.  102),  and  from  a  plain  or  forked  dorsal  piece  to  a  forked  or  plain 
ventral  piece.  In  nearly  all  cases  it  functions  as  an  apodeme  for  the 
attachment  of  the  primary  and  accessory  muscles  for  the  posterior 
extension  and  movements  of  elements  a  and  6.  The  sections  of  the 
various  forms  of  the  tegmen  may  be  referred  to  as  (cl)  the  posterior 
section,  (c2)  the  median  section,  and  (c3)  the  apodemal  process. 
Section  cl  may  be  either  dorsal  or  ventral;  in  whichever  case  section 
c2  will  occupy  the  opposite  position. 

The  spicule  or  rod  (element  d)  is  usually  present  in  a  more  or  less 
distinct  form  which  may  vary  from  a  curved  forked  rod  to  a  simple 
rod,  and  in  its  various  modifications  and  functions  may  occupy  a 
dorsal,  sublateral,  lateral,  or  subventral  position.  The  sections  of 
the  various  forms  may  be  referred  to  as  the  anterior  section  (dl)  and 
the  posterior  section  (d2).     It  functions  as  an  apodeme  for  the  attach- 

«  Wrhoeff  (1896)  and  Nusslin  (1912)  considered  the  end  plates  as  belonging  to  the 
body. 
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ment  of  the  primary  and  accessory  muscles  for  the  retractile  move- 
ments of  the  tube  (a  and  6). 

The  muscles  (e)  are  more  or  less  complicated  and  variable  in  size, 
number,  and  attachments.     In  some  cases,  as  in  Dendroctonus,  the 


Flo.  lO&.—Scolytw  ruguUmu:  Posterior  elements  of 
male  reproductive  organs.  J,  lateral  aspect  of 
body;  //,  lateral  aspect  of  body  and  accessories 
in  situ;  III,  body  accessories  separated.  See  ter- 
minology, Division  1,  pp.  192-193.    (Original.) 


Flo.  109.— Scolytus  quadrit- 
ptnosus:  Posterior  ele- 
ments of  male  reproduc- 
tive organs,  lateral  aspect. 
See  terminology.  Division 
1,  pp.  192-193.  (Original.) 


extensor  and  retractile  muscles  are  prominent,  the  former  (el)  at- 
tached posteriorly  to  the  anterior  edge  of  element  c,  while  the  sup- 
plementary muscles  (e3)  are  attached  anteriorly  to  the  posterior  edge 
of  c  and  posteriorly  to  the  inner  surface  of  the  eighth  sternite,  as  in 
Dendroctonus,  or  to  the  anterior  section  of  element  c  and  the  eighth 
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tergite,  as  in  Crossotarms.  In  Dendroctonus  the  retractile  muscles 
(e2)  are  attached  to  the  anterior  end  of  the  spicule  (d)  and  to  the 
basal  angles  of  the  body  (a),  while  in  Crossotarsus  they  are  attached 
to  e2  and  to  the  sides  of  a  ventral  groove  in  a. 

The  connecting  membrane  (f)  is  very  difficult  to  locate  and  follow 
to  its  primary  connections,  but  if  it  could  be  accurately  traced  it 
would  doubtless  furnish  good  evidence  as  to  the  proper  assignment  of 
the  chitinous  elements  to  their  respective  tergal  and  sternal  origins, 
unless,  as  is  the  case  with  muscles,  the  attachments  are  changed  or 
even  reversed  to  harmonize  and  economize  the  requirements  of  func- 
tion. The  connecting  membrane  between  the  posterior  section  of 
element  d  and  the  eighth  abdominal  sternite  in  Dendroctonus  seems 
to  furnish  quite  conclusive  evidence  that  the  spicule  represents  the 
ninth  sternite. 

ANTERIOR  AND  MEDIAN   ELEMENTS. 

The  anterior  (4)  and  median  elements  (3)  of  the  male  reproduc- 
tive organs  have  received  special  attention  by  Nusslin,  who  bases  a 
classification  on  the  length  of  the  ductus  ejaculatorius  (2b)  and  the 
character  of  the  testes  (Jfi) ,  seminal  vesicles  (3) ,  vas  deferens  (4a)  and 
mucous  glands  (2c) . 

VARIATIONS  AND  COMBINATIONS  OP  THE   ELEMENTS. 

Various  combinations  of  the  elements  of  the  copulatory  apparatus 
are  found  in  the  species  of  allied  genera.  Quite  a  wide  range  of  varia- 
tion is  also  found  in  the  character  of  the  elements  in  the  species  of 
the  same  genus.  Even  species  which  in  all  other  respects  appear  to 
be  closely  allied  have  very  different  characters,  either  in  the  form 
of  one  or  more  elements  or  in  different  combinations  of  the  elements. 

In  Division  I  of  the  family  Ipidae  the  absence  of  the  seminal  valve 
and  the  presence  of  the  seminal  rod  appear  to  predominate.  The 
valve,  as  a  definite  part,  is  absent  in  21  genera  and  52  species  and 
present  in  10  genera  and  16  species.  The  rod  is  present  in  25  genera 
and  55  species  and  absent  in  8  genera  and  14  species.  Both  the  rod 
and  valve  appear  to  be  absent  in  6  genera  and  10  species,  representing 
4  subfamilies,  and  both  are  present  in  10  genera  and  15  species,  repre- 
senting the  same  four  subfamilies,  and  especially  in  Corthylinse.  The 
striking  feature  of  the  Subfamily  Ipinae  is  the  apparent  °  separation 
of  the  femora  from  the  body,  especially  in  Ips  and  the  closely  allied 
genera.  In  Pityophthorus  (figs.  104,  105)  they  are  found  to  be  fused 
with  the  body  in  some  species  and  separated  in  others;  within  still 
other  species  there  is  a  supplementary  band  (a3)  connecting  them 
at  or  near  the  base. 


«  The  writer  has  found  that  the  femora  are  connected  to  the  body  by  ligaments. 
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In  Division  II  of  the  Ipidaa  the  presence  of  the  seminal  valve  and 
absence  of  the  seminal  rod  predominate.  The  valve  is  present  in  20 
genera  and  44  species  and  the  rod  is  absent  in  20  genera  and  43  spe- 


cies. The  valve  is  absent  in  2  genera  and  4  species  and  the  rod  is 
present  in  6  genera  and  12  species.  The  combination  of  rod  and 
valve  is  found  in  4  genera  and  10  species. 
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In  the  family  Scolytidae  there  appears  to  be  a  wide  range  of  varia- 
tion. In  Erinsophilus  schwarzi  Hopk.,  of  the  subfamily  Hexacol- 
inse,  the  rod  is  absent,  the  valve  present,  and  the  femora  are  long 
and  slender.  In  some  species  of  the  genus  Scolytus  the  body  is 
greatly  modified,  somewhat  resembling  a  seminal  rod.  The  valve 
is  absent  and  the  femora  are  rudimentary  in  8.  mutieus  Say  and 
S.  quadrispinosu8  Say  (fig.  109).  In  8.  rugulosus  Ratz.,  however, 
(fig.  108)  the  femora  are  long,  the  valve  is  represented,  and  there  are 
some  additional  parts;  in  fact,  all  of  the  elements  are  radically  differ- 
ent from  those  of  the  other  two  species. 

In  one  genus  and  one  species  of  Scolytoplatypodid®  the  rod  is 
absent  and  the  femcra  are  large  and  very  broad,  differing  in  this 
respect  from  anything  yet  observed  in  the  entire  superfamily. 

In  two  genera  and  five  species  of  the  subfamily  Platypodin®  the 
body  is  long  and  slender,  but  without  the  spicule,  end  plates,  seminal 
valve,  or  rod,  and  the  femora  are  represented  by  short  hooks  at  the 
basal  angles  of  the  body.     The  tegmen  is  present  in  the  form  of  a  fork. 

A  study  of  the  available  data  relating  to  the  primary  and  secondary 
elements  of  the  male  organs  of  reproduction  shows  that  within  the 
families,  subfamilies,  and  genera  there  is  a  very  wide  range  of  varia- 
tion and  that  the  same  or  similar  elements  individually,  or  in  various 
combinations,  are  often  paralleled  in  species  of  widely  separated 
genera  and  subfamilies,  so  that  their  principal  taxonomic  value 
appears  to  be  restricted  to  the  separation  of  species  and  minor  divi- 
sions of  the  genus. 

It  appears  that  if  there  is  any  line  of  progressive  modification 
within  the  major  and  minor  groups,  it  is  from  a  simple  form  without 
seminal  valve,  seminal  rod,  or  end  plates,  as  in  some  of  the  Crypha- 
linae  and  in  the  Platypodinae,  to  the  most  complex  forms  with,  or 
without  the  valve  and  with  or  without  the  rod,  the  rod  reaching  its 
highest  development  in  Xyleborus,  Dryoccetes,  Lymantor,  lps,  and 
allied  genera;  while  the  valve  without  the  rod  reaches  its  highest 
development  in  Hylesinus  and  allied  genera  in  the  Hylesininae. 

Terminology  op  the  Reproductive  Organs. 

In  the  following  list  it  is  intended  that  the  numbers  and  letters 
should  serve  to  designate  the  elements  of  the  reproductive  organs 
rather  than  names,  because  the  names  proposed  by  different  authors, 
including  the  writer,  do  not  agree  in  all  cases  in  designation  or 
interpretation. 

Male  Reproductive  Organs. 

(Figs.  101-110.) 

Division  1.  Posterior  chitinous  division. 

Division  2.  Posterior  membranous  division. 

Division  3.  Median  division. 

Division  4.  Anterior  division. 
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Division  1. 

a.  Body. 

al.  Body  apodemes  (femora). 

al*.  Apodemal  ligament. 

a2.  Lateral  folds. 

a£°.  Lateral  platee  (accessory  pieces,  N  use  tin). 

aS.  Supplementary  body  apodemes  or  transverse  band. 

a4.  Apical  orifice  or  ejaculatory  canal. 

aS.  Sensory  area  or  pores. 

b.  End  plates. 

bl.  Seminal  valve  and  accessories. 

b2.  Seminal  rod. 

bS.  Apical  flagellum  of  bS. 

b4.  Apical  brush  of  b2. 

b5.  Sensory  claspers  (fig.  108,  b5). 

b6.  Apical  lobe. 

c.  Tegmen. 

cl.  Posterior  or  dorsal  section. 
ct.  Anterior  or  ventral  section. 
cS.  Apodemal  process. 

d.  Spicule. 

dl.  Anterior  section. 

d2.  Posterior  section. 

d2P>.  Lateral  apodeme  or  minor  prong. 

d2*>.  Lateral  barb. 

e.  Muscles. 

el.  Extensors. 

et.  Retractors. 

eS.  Supplementary. 
/.  Connecting  membrane. 
g.  Ligament. 

Division  2. 

ta.  Ejaculatory  sac  or  preputial  sac. 
gal.  Chitinous  base,  or  tube. 
2b.  Seminal  duct. 
2c.  Mucous  glands. 


Sa.  Seminal  vesicle. 


Division  3. 


Division  4. 


4a.  Vas  deferens. 
4b.  Testes. 

Female  Reproductive  Organs. 

(Fig.  111.) 

Division  1.  Posterior  division. 
Division  2.  Anterior  division. 

Division  1. 
la.  Vagina. 
lb.  Bursa  copulatrix. 
26°.  Accessory  sac. 
lc.  Unpaired  oviduct. 
lc*.  Apex  and  apical  orifice  of  oviduct. 
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Id.  Spermatheca. 
It.  Sperma thecal  gland. 
If.  Seminal  duct. 
lg.  Cement  glands. 
lh.  Chitinous  plates. 


2a.  Paired  oviducts. 
2b.  Ovaries. 


Division  2. 


'C9 


Classifications  Based  on  the  Reproductive  Organs. 

« 

In  the  classifications  of  Nusslin  (1911),  Fuchs  (1911),  and  others,  as 
based  on  the  male  reproductive  organs,  we  find,  as  we  do  in  the  classi- 
fications based  on  the  elements 
of  any  single  organ,  that  genera 
and  groups  which  are  plainly 
not  closely  allied  are  brought 
together  and  those  which  by 
the  majority  of  external  and  in- 
ternal characters  are  closely 
allied  have  been  placed  in  widely 
separated  divisions  or  subdivi- 
sions. When,  however,  the  facts 
of  parallel  modification  are 
taken  into  consideration  and 
the  principal  elements  are  cor- 
related with  those  of  other  or- 
gans, the  results  are  quite  differ- 
ent and  the  true  taxonomic 
value  of  the  elements  is  recog:- 
nized.  It  is  evident  that  a 
study  must  be  made  of  the  male  organs  of  reproduction  in  a  much 
larger  number  of  species  of  all  available  genera  before  the  true  taxo- 
nomic value  of  any  of  their  elements  can  be  determined  and  correlated, 
Nusslin  (1912) ,  who  has  given  the  subject  of  the  female  reproductive 
organs  (Fig.  Ill)  of  Scolytidae  late  consideration,  calls  attention  to  the 
taxonomic  importance  of  the  female  genital  organs  in  separating  the 
Adephaga  and  Polyphaga  of  the  order  Coleoptera  and  in  distinguish- 
ing the  suborder  Rhynchophora,  which  he  claims  is  peculiar  in  having 
only  two  pairs  of  ovaria. 

The  absence  of  a  true  ovipositor  is  apparently  common  to  all  scoly- 
toid  beetles,  although  in  some  species  there  are  rudimentary  parts 
which  in  other  Rhynchophora  and  Coleoptera  belong  to  the  ovipositor, 
especially  the  genital  palpi,  which  have  been  found  only  in  Scolytus  and 
Eylesinus.  The  presence  of  paired  or  single  cement  glands  appears 
to  be  an  important  and  more  or  less  peculiar  element  in  the  Scoly- 
toidea,  although  it  is  said  to  be  absent  in  Scolytus  and  Ernoporus,  as 


Fig.  111.— Drndroctonus  valeru:  Female  reproductive 
organs.  See  terminology,  Division  1,  pp.  193-194. 
(Original.) 
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in  other  Rhynchophora.  The  bursa  copulatrix,  according  to  Niisslin, 
is  present  in  Scolytus,  Hylesinus,  Polygraphus,  Crypturgus,  and  Hypo- 
borus,  much  less  evident  in  Carphoborus,  Pityophthorus,  Dryocates, 
Taphrorychus,  and  Lymantor,  and  obscure  or  absent  in  Cryphalus, 
Xyloterus,  Xylodeptes,  Thamnurgus,  Ips,  and  Pityogenes. 

Conclusions  as  to  whether  or  not  the  presence  or  absence  of  a  given 
element  is  primitive  in  the  Scolytoidea,  as  based  on  morphological 
interpretations,  are  becoming  much  less  reliable  than  formerly  because 
of  the  frequency  of  parallel  origin  or  disappearance  of  adaptive  ele- 
ments. 

Nusslin's  (1911,  pp.  333-338)  classification  as  based  on  the  female 
organs  of  reproduction  relates  primarily  to  the  presence  or  absence  of 
the  cement  gland  and  to  its  varying  forms ;  secondarily,  to  the  presence 
and  character,  or  the  absence,  of  the  bursa  copulatrix,  and  the  char- 
acter of  the  spermatheca  and  its  seminal  duct. 

When  the  characters  of  the  female  reproductive  organs  as  given  by 
Nusslin  are  correlated  with  the  external  characters  on  which  the 
writer's  preliminary  classification  is  based,  Scolytus  falls  into  the  sub- 
family Scolytinae;  Hypoborus  and  Thamnurgus  into  the  Micracinee; 
Crypturgus  and  Carphoborus  into  the  Crypturgin®;  Polygraphus  into 
the  Phlceotribinae;  Pityophthorus,  Pityogenes,  and  Ips  into  the  Ipinae; 
and  Xyloterus  into  the  Corthylinae;  while  Ernoporus,  Cryphalus, 
Taphrorychus,  Lymantor,  Dryoccetes,  Xyleborus,  and  Xylodeptes  fall 
into  the  CryphalinaB. 

With  a  more  comprehensive  study  of  the  female  organs  in  num- 
bers of  species  representing  all  the  genera  it  will  evidently  be  found 
that  there  are  some  excellent  taxonomic  characters  in  the  primary 
elements  and  in  their  lines  of  progressive  modification,  which  in  com- 
bination with  other  internal  and  external  characters  will  be  of  special 
value  in  defining  groups  of  allied  genera  and  in  indicating  relative 
positions  of  the  groups  in  the  classification. 

Secondary  Sexual  Characters. 

There  is  a  wide  range  in  the  types  and  position  of  the  secondary  or 
external  sexual  characters,  such  as  difference  in  the  size  of  the  body, 
as  in  Hypothenemus,  Stephanoderes,  Coccotrypes,  Xyleborus,  and  allied 
genera,  and  the  radical  and  contrasting  differences  in  the  structure, 
vestiture,  and  sculpture  of  various  external  parts  and  areas.  The 
front  of  the  head  may  be  convex  and  glabrous  in  one  sex  and  in  the 
opposite  sex  it  may  be  flat  to  deeply  concave,  smooth,  and  shining, 
punctured,  and  with  dense  and  long  pubescence  or  the  margins  fringed 
with  long  hairs.  The  armature  of  the  declivity  and  the  character  of 
the  sutural  impressions  or  broad  excavation  often  vary  to  a  remark- 
able extent  in  the  two  sexes.  The  scape  of  the  antenna  may  be  stouter 
to  dilated  and  fringed  with  long  hairs  or  not  fringed.  The  funicle, 
club,  *mouthparts,  tibia,  tarsus,  abdominal  tergites,  and  sternites,  in 
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fact  almost  every  important  element  of  the  body,  may  be  the  bearer 
of  characters  for  distinguishing  one  or  the  other  sex. 

It  would  appear  that  as  a  rule  there  is  a  certain  degree  of  con- 
stancy in  the  location  and  general  appearance  of  a  male  or  female 
character  within  the  limits  of  a  genus,  but  there  are  some  remarkable 
differences,  and  even  reversals,  even  in  the  major  and  minor  divisions 
of  a  genus.  In  Dendroctonzw,  for  example  (Part  I  of  this  bulletin, 
p.  73),  the  females  of  subdivision  A  are  distinguished  by  the  presence 
of  a  transverse  ridge  on  the  anterior  area  of  the  pronotum,  while  in 
subdivisions  B,  C,  and  D  this  character  is  not  present.  In  sub- 
division B  the  elytral  declivity  is  more  rugose  in  the  female,  in  sub- 
division C  this  is  reversed,  and  in  subdivision  D  there  is  no  difference 
in  this  respect.  In  some  genera  the  pubescent  or  concave  front  is  a 
female  character,  while  in  other  genera  it  is  a  male  character.  Other 
reversals  may  not  only  occur  in  different,  widely  separated  genera  but 
in  the  same  genus.  Therefore  it  is  not  safe  to  conclude  that  because 
certain  characters  designate  the  female  in  one  species  this  will  hold 
true  for  the  other  species  of  the  same  genus  or  for  allied  genera.  This 
can  only  be  definitely  settled  by  dissection,  which  can  be  done  without 
seriously  mutilating  the  specimen  if  the  abdomen  is  carefully  removed 
from  the  body  and  the  sternites  are  remounted  on  a  card  point  after 
the  examination  is  made.  The  presence  of  the  chitinized  sperma- 
theca  in  the  female  and  the  presence  of  the  chitinized  elements  of  the 
posterior  section  of  the  male  organs  are  sufficient  to  settle  the  point, 
even  in  old  dried  specimens. 

The  lines  of  progressive  variation  or  modification  in  secondary 
sexual  characters  appear  to  range  from  absent  and  obscure  to  com- 
mon and  prominent. 

THE  PUPiE. 

Comparatively  very  little  study  has  been  made  of  the  pup»  of  even 
our  common  species  of  Scolytoidea,  and  until  a  comprehensive  study 
has  been  made  it  is  scarcely  necessary  to  mention  the  characters  in 
connection  with  general  taxonomy.  The  description  and  figures  of 
the  pupa  of  Dewdroctonus  valens  (Part  I,  pp.  53-57,  figures  37-38; 
synopsis,  pp.  73-74,  and  descriptions,  pp.  81-152)  will  serve  as  an 
example  of  the  general  type,  while  the  figures  and  terminology  will 
serve  as  a  guide  to  future  study. 

The  writer  has  examined  the  pupae  of  quite  a  large  number  of 
North  American  species  and  finds  that  there  is  quite  a  wide  range 
of  variation,  but  no  attempt  has  been  made  to  analyze  the  taxonomic 
characters  except  in  the  genus  Dendroctonus,  in  which  the  form  of 
the  head  and  the  character  of  the  frontal,  tergal,  lateral,  pleural, 
caudal,  and  femoral  spines  serve  as  important  characters  for  identifi- 
cation and  classification  and,  when  correlated  with  the  adult  charac- 
ters, give  the  same  or  similar  taxonomic  result. 
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THE  LARV^). 

The  structural  and  morphological  elements  of  the  larv®  of  Den- 
droctonus  are  shown  in  Part  I,  figures  39-43,  and  Plate  VIII,  figures 
l-23j,  and  these,  with  the  terminology  and  descriptions,  will  serve 
as  a  guide  to  a  greatly  needed  further  study  of  the  larval  stage 
before  we  can  have  a  basis  for  conclusions  as  to  their  importance  in 
taxonomy.  The  writer  has  examined  the  larvra  of  quite  a  large 
number  of  species,  but  no  detailed  study  has  been  made  except  in 
Dendroctonu8  and  of  the  labrum  of  a  number  of  species  in  other  genera 
(Hopkins,  1905,  Plate  I).  This  has  been  sufficient,  however,  to 
indicate  the  wide  range  of  variation  in  some  of  the  elements  and  the 
great  importance  of  a  more  comprehensive  knowledge  of  the  subject. 
In  Dendroctonus  the  important  characters  are  found  in  the  eighth  and 
ninth  abdominal  tergites,  and  the  front  of  the  head.  An  example  of 
progressive  modification  is  found  in  the  sculpture  and  armature  of 
the  eighth  and  ninth  abdominal  tergites  from  those  without  dorsal 
plates  in  Division  I  and  Division  II,  section  a8,  to  the  unarmed  plates 
of  section  a4  and  to  the  armed  plates  of  subdivision  D,  which  corre- 
lates so  nicely  with  progressively  modified  characters  in  the  adults  and 
in  the  galleries.  The  larvae  of  the  species  of  Platypus  and  Crossotarsus 
examined  by  the  writer  show  radical  differences  in  form  and  in  some 
of  the  anatomical  elements,  as,  for  example,  the  labrum  (Hopkins, 

1905). 

THE  EGGS. 

While  the  eggs  of  many  species  have  been  observed  by  the  writer, 
they  have  not  been  studied  in  detail.  They  appear  to  conform  in 
general  to  an  oblong,  oval,  or  nearly  globular  shape,  and  are  pearly 
white  and  smooth,  with  few  elements  of  vestiture  or  sculpture  to 
serve  as  taxonomic  characters.  However,  this  is  a  subject  worthy 
of  detailed  study.  The  size  of  the  egg  in  comparison  with  the  size 
of  the  abdomen  varies  enormously  in  different  species.  In  a  species 
of  Carphoboru8  a  fully  developed  single  egg  was  f ound  to  be  so  large 
as  to  occupy  almost  the  entire  abdominal  cavity. 

THE  EMBRYO. 

The  embryology  of  the  scolytoid  beetles  is  another  subject  which 
has  not  received  much  attention.  While  the  writer  feels  that  there 
is  need  of  detailed  study  of  the  embryo  to  determine  any  additional 
facts  which  may  be  of  value,  he  is  inclined  to  the  belief  that  more 
attention  should  be  given  to  a  comparative  study  and  correlation  of 
characters  of  the  postembryonic  stages  (young  to  matured  larvae) 
of  a  wide  range  of  species  in  the  order  Coleoptera,  in  order  that  we 
may  know  something  more  of  the  fundamental  facts  and  be  better 
able  to  interpret  their  real  significance. 
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PHYSIOLOGICAL  CHARACTERISTIC? S. 

As  pointed  out  in  Part  I  (p.  64),  the  physiological  characteristics 
are  of  special  taxonomic  importance  when  correlated  with  morpho- 
logical characters.  The  food,  social,  and  sexual  habits,  character 
of  the  brood  galleries,  choice  of  host  plants,  and  distribution  of 
genera  and  species  are  all  more  or  less  rich  in  facts  of  taxonomic 

importance. 

GENERAL  HABITS. 

The  scolytoid  beetles  are  distinguished  from  nearly  all  other 
Rhynchophora  by  their  habit  of  excavating  characteristic  egg  gal- 
leries in  the  living  or  dead  plant  tissue.  The  few  notable  exceptions 
are  found  in  the  genus  StenosceliSy  of  the  Calandridee,  the  adults  of 
which  excavate  a  primary  egg  burrow,  but  as  a  rule  this  habit  within 
the  suborder  is  peculiar  to  the  Scolytoidea.  The  egg  galleries  of 
Scolytoidea  are  excavated  in  the  bark  or  wood  of  trees  and  shrubs,  the 
roots,  steins,  and  leaves  of  herbaceous  plants,  the  fruits  or  seeds  of 
palms  and  other  plants,  young  pine  cones,  the  wood  of  barrels  or 
casks  containing  water  or  spirituous  liquors,  etc.  Some  of  the  species 
excavate  their  galleries  in  decaying  bark  or  wood  or  even  in  the 
fruiting  bodies  of  fungi,  while  others  confine  their  work  to  the  bark 
or  wood  of  weakened,  dying,  or  recently  dead  plants,  and  still  others 
prefer  to  enter  the  living  and  sound  tissues. 

The  food  of  the  adults  and  larvae  consists  of  the  sugars,  starches, 
and  other  nutritive  elements  of  their  host  plants,  or  of  fungi  which 
grow  in  their  brood  galleries. 

CLASSIFICATION  ACCORDING  TO  HABITS. 

Any  classification  of  the  families  or  subfamilies  based  on  food 
habits  alone  would  not  indicate  a  natural  arrangement,  as  is  plainly 
indicated  by  the  parallel  habits  of  groups  of  species  in  widely  sepa- 
rated families,  subfamilies,  and  genera.  It  is  true  that  there  are 
several  well  marked  classes  according  to  habits,  such  as  bark  beetles, 
twig  beetles,  seed  beetles,  cone  beetles,  and  ambrosia  beetles.  It  is 
evident,  however,  that  food  habits,  like  many  other  characteristics 
and  structural  characters,  have  evolved  along  parallel  lines  in  allied 
as  well  as  in  widely  separated  groups.  There  are  many  examples 
illustrating  this  principle.  The  genera  Xyleborus,  Corihylus,  Scoly- 
toplatypus,  and  Platypus  are,  according  to  fundamental  morpho- 
logical elements  as  well  as  groups  of  correlated  characters,  so  widely 
separated  that  they  each  represent  a  different  family  or  subfamily; 
yet  the  habit  of  excavating  their  galleries  in  wood  and  feeding  on 
ambrosial  fungi  is  common  to  them  all.  Between  some  of  these  genera 
there  is  also  a  more  or  less  constant  resemblance  in  certain  morpho- 
logical characters,  especially  in  the  hairs  and  slender  teeth  of  the 
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1  acini  a  of  the  maxilla,  but  this  is  evidently  due  to  parallel  adaptation 
to  similar  uses  and  not  to  common  origin  or  phylogenetic  descent 
from  a  common  ambrosia-feeding  ancestor. 

Food  Habits  of  the  Adults. 

As  a  rule  the  adults  obtain  their  food  from  the  substance  in  which 
they  excavate  their  egg  galleries  or  from  the  fungi  growing  on  the 
-walls  of  the  galleries,  but  there  are  numerous  examples  of  special 
food  habit  such  as  that  found  in  Scolytusf  Pteleobius,  PTdceosinus, 
and  Tomicus  (see  p.  220),  which  excavate  food  burrows  in  the  living 
twigs  of  their  host  trees. 

Food  Habits  of  the  Larv-s:. 

There  is  a  wide  range  of  variation  in  the  food  habits  of  larvae  of  dif- 
ferent species,  especially  in  the  character  of  their  food  burrows  or 
larval  mines.  Each  species  of  a  group  of  closely  allied  species  may 
have  similar  habits,  but,  as  shown  in  the  genus  Dendroctonus,  there 
may  also  be  a  wide  range  of  variation  and  some  striking  examples  of 
progressive  modification  in  this  habit  within  a  genus  in  which  there 
is  a  restricted  range  in  structural  characters  in  the  adults.  In  the 
genus  Dendroctonus  there  is  a  tendency  throughout  for  the  larval 
mines  to  occur  in  groups  of  increasing  numbers  from  the  simple,  isolated 
mine  of  Dendroctonus  brevicomis  to  closely  placed  groups  in  Dendroc- 
tonus simplex  and  D.  piceaperda  and  to  the  large  social  chamber  of 
micans,  vdlens,  and  terebrans.  (See  figs.  73,  75,  79,  88,  and  91,  of 
Part  I.)  Thus  the  stage  in  the  modification  of  the  larval  mine  of  a 
given  species  may  indicate,  in  connection  with  stages  in  the  modifica- 
tion of  structural  characters,  the  natural  position  of  the  species. 

In  the  ambrosia  beetles  the  larvae  of  some  species  and  groups  of 
genera,  as  Xyleborus,  Stephanoderes,  and  Crossotarsus,  live  in  the 
primary  galleries  in  direct  association  with  the  eggs,  larvaB,  pupae, 
young  adults,  and  parent  adults,  while  in  the  subfamily  Corthylinae, 
the  genus  Scolytoplatypus,  and  at  least  some  of  the  species  of  Platypus, 
the  larvae  occupy  separate  chambers  in  the  sides  of  the  gallery,  these 
chambers  not  extending  beyond  a  size  sufficient  for  the  accommoda- 
tion of  the  body. 

Pupal  Habits. 

Considerable  variation  exists  in  the  habits  of  the  pupae  and  in  the 
cells  occupied  by  them  in  transformation  from  larvae  to  adults.  In 
perhaps  the  majority  of  species  the  transformation  takes  place  at  the 
end  of  the  food  burrow  with  or  without  a  definite  cell.  In  some  ambro- 
sia beetles  the  pupation  takes  place  in  the  social  galleries  occuped  by 
different  stages  of  the  brood,  in  others  it  is  in  the  lateral  larval  cell, 
and  in  Steplianoderes  the  transformation  takes  place  in  closely  joined 
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cells  at  or  toward  the  inner  end  of  the  social  gallery,  the  walls  and  par- 
titions of  these  cells  consisting  of  an  ambrosia-like  substance  mixed 
with  fine  borings. 

Flight  Habits. 

Further  observations  should  be  made  on  the  flight  habits  of  these 
beetles,  but  from  fahat  we  know  of  a  few  species  it  would  appear 
that  in  the  same  species  flight  may  be  either  individual  or  collec- 
tive. In  one  example  noted  by  the  writer  (Hopkins,  1899a,  pp.  346- 
348),  a  large  number  of  species,  together  with  some  of  their  associates, 
scavengers,  and  predaceous  enemies,  were  found  in  one  great  swarm. 
The  periods  of  flight  vary  with  the  number  of  generations  in  a  sea- 
son. Thus  species  with  a  single  generation  have  but  one  definite 
period  of  flight,  while  those  with  more  than  one  generation  have  two 
or  more  periods,  or,  when  the  generations  overlap,  there  may  be  a 
continuous  period  of  flight  throughout  the  season. 

Social  Habits. 

In  the  social  habits  we  find  some  features  of  special  interest  both  in 
their  relation  to  taxonomy  and  to  parallel  lines  of  modification.  In 
the  relation  of  the  sexes  there  is  a  wide  range  of  variation  from  simple 
or  unorganized  and  intensive  polygamy  to  specialized  or  organized 
polygamy,  and  a  gradual  reduction  in  the  proportion  of  the  number  of 
females,  from  1  male  and  many  females  to  1  male  and  2  females,  and 
finally  to  specialized  monogamy. 

In  Hypoihenemus,  Stephanoderes,  Xyleborus,  and  allied  genera  the 
males  are  much  smaller  than  the  females  and  very  rare.  In  certain 
species  of  Xyleborus  as  many  as  60  females  to  1  male  have  been  found 
in  one  brood  gallery,  and  the  proportion  appears  to  be  even  greater 
in  Hypothenemus.  In  these  groups  there  is  no  system  in  the  relation 
of  the  sexes  or  in  eggs  of  the  brood  galleries  of  the  females,  and  all  live 
together  in  the  same  galleries.  In  the  other  groups  of  genera  of  the 
subfamily  Cryphalinee  where  there  is  no  difference  in  the  size  of  the 
sexes  there  is  more  evidence  of  separate  egg  galleries  for  the  different 
females  of  the  social  group,  and  the  galleries  begin  to  take  on  more 
definite  and  characteristic  forms  or  patterns.  In  the  IpidaB  the  tend- 
ency toward  a  specialized  polygamous  relation  of  the  sexes  reaches 
its  highest  development  in  Pityogenes}  while  in  Ips  there  is  a  tendency 
toward  fewer  females,  the  numbers  of  which  in  some  cases  are  limited 
to  2  or  3  to  the  gallery.  In  Corthylinae  the  sexes  are  more  equally 
divided,  while  in  Crypturginae,  Phlceotribinae,  and  Hylesininse  there 
is  a  tendency  toward  2  females  and  1  male  or  to  1  of  each.  The  last 
seems  to  prevail  to  a  greater  extent  in  the  subfamily  Scolytinae,  or  at 
least  in  the  genus  Scolytus,  than  in  other  subfamilies. 
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Galleries. 

There  is  a  wide  variation  in  the  types  or  forms  of  the  egg  and  brood 
galleries  within  the  families,  subfamilies,  and  the  major  and  minor 
groups,  and  in  some  cases  within  the  genus.  Each  species  or  group  of 
allied  species  of  a  genus  or  group  of  allied  genera  is  usually  character- 
ized by  some  peculiar  form  or  feature  which  in  many  cases  is  sufficent 
in  itself  to  indicate  the  species,  genus,  or  group  to  which  it  belongs; 
therefore  the  galleries  are  of  special  taxonomic  importance  in  indicat- 
ing the  natural  position  and  grouping  of  the  species  and  genera. 

It  has  been  supposed  that  a  peculiar  type  of  gallery  was  due  to 
the  character  of  the  plant  tissue  in  which  it  was  excavated  or  that  it 
had  some  relation  to  the  species  of  plant.  It  is  found,  however,  that 
the  type  of  the  gallery  is  the  same,  or  similar,  for  the  same  species, 
regardless  of  the  character  of  the  substance  or  the  species  of  plant  in 
"which  it  is  excavated.  In  fact,  the  same  species  of  spruce  or  pine, 
and  the  bark  on  the  trunk  or  branches,  or  the  wood  of  the  same  part 
of  the  tree,  may  have  as  many  radically  different  types  of  galleries 
as  there  are  different  species  of  beetles  to  make  them. 

It  has  also  been  supposed  that  the  type  of  a  gallery  was  due  to  the 
peculiar  structure  of  the  beetles,  such  as  the  retuse  or  concave  and 
armed  elytral  declivity  in  Ips,  ascending  or  excavated  abdominal 
stemites  of  Scolytus,  etc.,  but  it  is  found  that  certain  species  with  the 
same  or  similar  structures  make  very  different  types  of  galleries, 
while  certain  other  species  with  very  different  structures  make  similar 
galleries. 

The  fact  that  there  is  quite  a  definite  relation  between  the  type 
of  the  gallery  and  the  systematic  position  of  the  species,  genus,  and 
group  would  indicate  that  the  evolution  of  the  gallery  has  been  from 
the  simple  to  the  complex  and  that  it  has  progressed  with  the  evolu- 
tion of  the  beetles  that  make  and  inhabit  it  in  a  somewhat  similar 
manner  to  that  of  the  dominant  tendency  in  the  evolution  of  human 
dwelling  places  from  the  simple  cave  to  the  modern  palace.  In  other 
words,  the  simple  and  complex  galleries  represent  evolution  within 
the  maximum  and  minimum  limits  of  an  instinctive  or  dominant 
tendency  common  to  all  of  the  individuals  of  the  superfamily  Scoly- 
toidea  and  are  expressed  by  each  species  of  a  genus  in  the  varying 
degrees  of  simplicity  or  perfection  according  to  the  varying  stages 
in  the  evolution  of  the  species. 

The  fact  that  the  same  or  a  similar  type  of  gallery  is  made  by 
species  of  widely  separated  genera  and  subfamilies  indicates  that 
we  should  not  look  for  an  explanation  of  the  origin  and  evolution  of 
types  of  galleries  in  the  phylogeny  of  the  species,  but  that  a  thorough 
consideration  should  be  given  to  the  explanation  to  be  found  in  paral- 
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lei  evolution  due  to  a  common  tendency  which  may  lead  to  the  same 
or  similar  results  during  the  same  or  similar  stage  in  the  evolution 
of  the  species. 

While  the  varying  types  of  the  egg  and  brood  galleries  furnish 
some  very  important  taxonomic  evidence,  any  attempt  to  classify 
the  species  of  a  family  or  subfamily  according  to  such  characters 
alone  would  give  the  same  heterogeneous  results  as  are  found  in  the 
different  classifications  based  on  the  elements  of  a  single  external  or 
internal  part  or  organ  of  the  body.  On  the  other  hand,  if  the  galleries 
of  the  species  of  the  major  and  minor  divisions  of  a  subfamily  are 
studied  separately,  it  will  be  found  that  the  character  of  the  gallery 
and  the  species  of  the  host  tree  will  serve  as  most  important  guides 
to  the  natural  position  of  a  species  or  group  of  allied  species. 

TERMINOLOGY  OF  THE  GALLERIES. 

Following  is  a  revised  list  with  definitions  of  the  terms  used  to 
designate  the  different  elements  of  the  scolytoid  gallery. 

Egg  gallery. — The  egg  gallery  is  the  burrow  excavated  by  the  parent 
beetles  preliminary  to  depositing  the  eggs  in  niches  along  the  sides 
or  loosely  in  the  gallery  itself. 

Social  gallery. — The  social  gallery  is  one  in  which  all  stages  of  the 
broods  from  the  eggs  to  the  matured  individuals  and  the  parents 
live,  as  in  Xyleborus,  certain  species  of  Platypus,  Crossotarsus,  etc. 

Social  chamber  or  brood  chamber. — The  social  chamber,  as  in  Xyle- 
borus saxeseni,  is  a  dilated  portion  of  the  tubelike  gallery  to  accomo- 
date all  stages  of  the  brood. 

Death  chamber  (catacomb  or  garbage  chamber). — The  death  cham- 
ber (Hubbard,  1897;  also  Hopkins,  1898)  is  a  section  in  the  social 
chamber  in  which  the  dead  individuals  of  the  colony  or  the  guests  and 
enemies  as  well  as  other  refuse  matter  are  deposited  and  separated 
from  the  main  chamber  by  a  wall  of  the  ambrosia  fungus  mixed  with 
boring  dust. 

Entrance  burrow. — The  entrance  burrow  is  made  by  one  or  the 
other  sex  as  a  preliminary  to  the  excavation  of  the  egg  gallery,  and 
may  connect  in  a  direct  manner  or  laterally  with  the  base  of  the  gal- 
lery in  the  case  of  single  galleries,  or  with  the  middle  in  the  case  of 
double  galleries. 

Nuptial  (lateral  or  central)  chamber. — The  nuptial  chamber  is 
excavated  by  one  or  the  other  sex  (probably  in  most  cases  by  the 
male)  at  the  base  of  the  entrance  burrow  and  the  mouth  of  a  single 
or  many  egg  galleries.  In  Pityophthorus,  Ips,  etc.,  this  chamber  is 
short  and  broad,  oblong,  or  rectangular.  In  some  species  of  Scolytus, 
Phlceophthorus,  HylesinuSj  etc.,  the  lateral  entrance  appears  to  serve 
the  same  purpose  as  the  nuptial  chamber,  while  in  PJUmosinus  the 
chamber  is  at  the  base  of  the  egg  galleries  and  entrance  burrow  and 
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extends  to  one  or  both  sides.  These  chambers  are  usually  occupied 
by  the  male  of  the  polygamous  colony  or  of  the  monogamous  pair. 

Ventilating  burrow. — The  ventilating  burrow  is  the  vertical  burrow 
which  is  located  at  more  or  less  regular  intervals  in  the  roof  of  the 
egg  gallery  and  extends  to  or  near  the  surface.  It  may  serve  the 
purpose  of  ventilating  the  gallery,  or,  perhaps  more  frequently,  as 
a  place  for  the  storage  of  boring  dust  or  an  opening  through  which 
this  dust  may  be  ejected.  Short  burrows  in  the  roof  or  sides  may 
be  used  as  places  in  which  the  beetles  turn  around,  or  may  serve  the 
purpose  of  nuptial  chambers. 

Branching  gallery. — The  branching  gallery  may  branch  from  the 
central  or  nuptial  chamber,  or  from  the  side  of  one  of  the  main  egg 
galleries.     In  the  latter  case  it  is  referred  to  as  a  lateral  branch. 

Connecting  galleries. — The  connecting  galleries  are  those  of  one  or 
more  colonies  which  are  connected  either  through  the  central  cham- 
ber or  by  lateral  and  primary  galleries,  as  in  many  species  of  Pityogenes, 
Pityophthorus,  Carphoborus,  etc. 

Terminal  burrows. — The  terminal  burrows  are  excavated  usually 
by  the  female  beetle  at  the  farther  end  of  a  primary  or  a  lateral  gal- 
lery, after  the  egg  gallery  is  completed  and  while  the  brood  is  devel- 
oping, as  in  Dendroctonus  frontalis  (Part  I,  figs.  51  and  52). 

Brood  burrows. — The  brood  burrows  are  those  excavated  by  the 
adults  of  a  brood  before  the  individuals  emerge.  They  radiate  from 
the  respective  pupal  cells  of  the  individuals,  as  in  Dendroctonus,  cer- 
tain species  of  Ips,  etc.  In  the  case  of  species  with  a  single  genera- 
tion annually;  the  developed  brood  may  overwinter  in  the  brood 
burrows. 

Hibernating  burrows. — The  hibernating  or  overwintering  burrows 
are  those  excavated  in  places  other  than  that  in  which  the  broods 
developed,  such  as  those  of  Ips,  in  the  twigs  and  branches,  or  in  the 
thick  corky  bark  at  the  base  of  the  trees,  and  those  of  Phlmophihorus, 
in  the  outer  bark  on  the  trunks  of  the  living  host  trees. 

Food  burrows. — The  food  burrow  is  excavated  by  the  adult  in  the 
same  part  of  the  tree  in  which  it  excavates  its  egg  galleries,  or  in  a 
different  part,  as  in  Scolytus  rugvlosus  and  S.  quadrispinosus,  which 
burrow  in  the  living  twigs  at  the  base  of  a  leaf  stem  or  bud,  and  in 
PJUceosinus,  which  burrows  at  the  base  of  living  twigs. 

Trial  burrows. — The  trial  burrows  are  those  made  by  the  parent 
beetles  in  the  bark  of  living  trees  preliminary  to  the  general  attack 
and  the  excavation  of  successful  egg  galleries. 

Abandoned  or  failure  gallery. — The  abandoned  or  failure  gallery 
is  one  which,  through  the  resistance  exerted  by  the  vital  part  of  the 
plant  attacked,  the  beetles  are  compelled  to  abandon  or  be  drowned 
in  the  resin  or  sap. 


204  THE  SCOLYTID  BEETLES. 

Exit  burrow. — The  exit  burrow  is  that  through  which  one  or  many 
individuals  of  a  developed  brood  emerge.  In  the  case  of  ambrosia 
beetles  the  entrance  may  also  be  utilized  as  an  exit,  but  in  the  bark- 
beetles  the  exit  is  usually  direct  or  indirect  from  the  pupal  chamber. 

Larval  mine. — The  larval  mine  is  the  food  burrow  excavated  bv 
the  larvae  from  the  point  where  it  hatches  from  the  egg.  The  indi- 
vidual mine  may  be  widely  separated  from  or  closely  approximate 
to  those  of  other  individuals  of  the  same  brood,  and  they  may  be 
arranged  in  groups  or  those  of  the  entire  brood  may  be  connected  to 
form  one  common  larval  chamber. 

Larval  cell. — The  larval  cell  is  excavated  by  the  larvae  in  the  side 
of  the  gallery  simply  to  accomodate  the  increasing  size  of  the  body, 
as  in  the  case  of  many  species  of  Corthylinae  where  tho  food  consists 
of  ambrosial  fungi  provided'by  the  parent. 

Pupal  cell. — The  pupal  cell  is  formed  by  the  prepupal  larva  or  by 
the  pupa  itself  and  is  usually  located  at  the  end  of  the  larval  mine  or 
food  burrow  of  the  larva.  This  is  especially  true  in  the  case  of  the 
barkbeetles  or  the  wood-mining  larvae,  which  latter,  as  in  Micracis, 
ThysanoeSj  Scolytus  muticus,  etc.,  extend  their  burrows  for  a  long 
distance  from  the  bark  mines  into  the  wood.  On  the  other  hand, 
certain  species  of  Dendroctonus  form  the  pupal  cell  in  the  outer 
corky  bark  (D.  frontalis)  or  in  the  social  larval  chamber  (J),  valens), 
instead  of  at  the  end  of  the  larval  mine  as  in  D.  ponderosse. 

All  of  the  named  parts  of  the  gallery  have  characters  more  or  less 
peculiar  to  the  species  or  group  of  allied  species.  Therefore  the  gal- 
leries as  a  whole,  or  in  their  various  elements  individually,  or  in  various 
combinations,  are  worthy  of  special  attention  in  the  search  for  taxo- 
nomic  characteristics. 

CLASSIFICATION  OF  THE  GALLERIES. 

Egg  Galleries. 

In  an  attempt  to  classify  the  scolytoid  egg  galleries  it  is  impor- 
tant to  remember  that  the  newly  excavated  galleries  in  which  the 
first  sets  of  eggs  are  deposited  are  more  reliable  in  suggesting  the  type 
or  group  they  represent  than  are  the  older  ones,  because  in  some 
species  they  may  be  so  radically  changed  and  confused  by  secondary 
branches  and  the  intermingling  of  two  or  more  galleries  that  the 
characteristic   type  may  be  obscured. 

Larval  Mines. 

The  larval  mines  furnish,  to  a  limited  extent,  evidence  of  pro- 
gressive modification,  as  is  found  in  Dendroctonus.  The  larval  mines 
in  most  of  the  Cryphalinae  are  without  distinctive  characters,  while 
in  Ipinae,  Hylesininse,  and  Scolytin«3  their  symmetrical  arrangement 
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represents  a  high  stage  of  progress,  and  consequently  they  are  more 
characteristic  of  the  species. 

The  form  of  the  egg  gallery  of  any  species  consists  of  one  or  more 
of  three  primary  elements  in  relation  to  the  substance  and  its  fiber 
in  which  the  gallery  is  made,  as  follows:  (1)  The  longitudinal  gallery, 
(2)  the  transverse  gallery,  and  (3)  the  broad,  irregular  chamber. 

Types  and  Subtypes  of  Egg  Galleries. 

The  various  modifications  and  combinations  of  the  three  primary 
elements  seem  to  represent  8  general  types  or  groups,  which  are 
designated  by  numbers,  and  32  more  specific  subtypes  or  forms, 
which  are  designated  by  letters,  as  follows  (see  fig.  112) : 

Group  1. — The  simple  or  generalized  type,  (a)  Simple,  longitudinal;  (6)  simple, 
transverse;  (c)  simple  cavities;  (d)  various  combinations  of  a  and  6,  with  lateral 
branches. 

Group  2. — The  simple,  irregular  type  branching  from  an  irregular  central  or  basal 
chamber,  (a)  Long,  longitudinal,  branching;  (b)  short,  sublongitudinal,  branching; 
(c)  short,  transverse,  branching;  (d)  various  combinations  of  b  and  c. 

Group  3. — Ambrosia  galleries.  Division  /,  without  lateral  larval  chambers,  (a)  Sim- 
ple, longitudinal,  single  or  branching;  (6)  long,  transverse,  branching;  (c)  short, 
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Fig.  112.— Classification  of  galleries  of  Scolytoidea.    (Original.) 

transverse,  branched,  dilated.  Division  II,  with  lateral  larval  chambers,  (d)  Double, 
transverse,  branching; 

Group  4- — The  specialized,  intermediate,  short  type,  blanching  from  a  regular  cen- 
tral nuptial  chamber,  (a)  Simple  to  complex,  transverse;  (6)  simple  to  complex, 
sublongitudinal;  (c)  intermediate  combinations  of  a  and  6;  (d)  complex,  symmetrical 
combinations  of  a  and  6. 

Group  5. — The  specialized,  intermediate,  long,  longitudinal  type,  branching  from  a 
regular  central  chamber,  (a)  Simple,  irregular  types  with  few  branches;  (6)  special- 
ized, many-branched  types;  (c)  specialized,  with  few  branches,  usually  three;  (d) 
specialized,  double,  longitudinal. 

Group  6. — The  specialized,  short,  transverse  type,  (a)  Simple,  irregular,  single  or 
double,  transverse  or  subtransverse,  and  sometimes  branching;  (6)  intermediate, 
regular,  double,  transverse  or  subtransverse;  (c)  specialized,  regular,  double  or  single, 
transverse,  with  or  without  lateral  entrance  chamber. 

Group  7. — The  specialized,  short,  double,  longitudinal  type,  (a)  Irregular, 
branched  ( Micracis)  type;  (6)  inegular,  without  branches,  but  with  lateral  entrance 
chambers;  (c)  intermediate,  more  specialized,  with  or  without  lateral  entrance  chamb- 
ers; (d)  highly  specialized,  without  lateral  entrance  chambers. 

Group  8. — The  specialized  long  or  short,  single,  longitudinal  type,  (a)  Long, 
irregular,  winding,  sometimes  with  lateral  branches,  with  or  without  lateral  entrance 
chambers  at  base;  (6)  short,  irregular,  without  branches,  but  with  lateral  entrance 
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chambers  at  base;  (c)  regular,  short  or  long,  with  lateral  entrance  chambers  at  base: 
(d)  the  most  highly  specialized  short  or  long  type,  without  lateral  entrance  chambers  at 
base. 

The  foregoing  classification  and  terminology  is  based  on  the  observed 
galleries  of  a  large  number  of  species  representing  57  genera  and 
includes  the  galleries  of  European  species  figured  by  other  writers. 

RELATION   OF  TYPES   OF   GALLERIES   TO   THE   SUBFAMILIES    AND 

FAMILIES. 

The  relation  of  the  eight  groups  of  galleries  to  the  subfamilies  b 
shown  in  the  following  table.  In  some  cases  one  genus  may  be  repre- 
sented by  several  groups.  In  Pityophthorus  26  species  are  represented 
in  groups  1,  4,  and  5,  and  in  Ips  39  species  are  represented  in  groups 
2,  4,  and  5. 

Table  VI. — Relation  of  groups  of  galleries  to  the  subfamilies  in  the  Scolytoidea. 


Subfamilies. 

Groups  of  gallery  types  and  number  of  genera  in  each  group 

• 

1 

2 

3 

4 

5 

6 

,7 

S 

Ipidse: 

Division  I— 
Cryphalinae.. 

IpinsB 

CorthylinaB... 

Qenera. 
4 
1 

Qenera. 
4 
1 

Qenera. 
3 

Qenera, 

Qenera. 

Qenera, 

Qenera, 

Qenen. 

3 

3 

2 

5 

Micracinae 

1 

2 

Division  II— 
Crypturuinee. 

2 

1 

Phloeorribinte 

2 

1 

2 

8 

2 

HvlesinincB .. 

2 

2 

2 

m 

Scolvtidae: 

tlexacolinae 

1 

Bothrosterninso. . 

1 
1 

Scolytinae 

1 

1 

Scolytoplatypodidte: 
Scot  y  toplatypod- 
inae 

1 
2 

Platypodidce: 

Platypodinae 

This  table  shows  that  all  of  the  simple  types  (1  and  2)  are  in  the 
Ipidse  and  that  most  of  them  fall  in  the  first  part  of  Division  I,  while 
the  more  specialized  types  fall  in  the  last  part  of  Divisions  I  and  II, 
with  the  far  greater  number  in  the  latter;  also,  that  in  Scolytid® 
specialized  types  only  have  been  found.  It  is  probable,  however, 
that  simple  types  will  be  found  in  the  Scolytid©  when  we  know  more 
about  the  habits  of  the  species  of  the  other  genera  of  this  family. 
It  is  also  interesting  to  note  from  Table  VI  the  number  of  subfamilies 
and  genera  in  which  the  same  group  types  are  paralleled. 
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Groups. 

Ipidfe. 

Sooly- 
tidee. 

Scolyto- 

platy- 

podidse. 

Platy- 
podidsB. 

Division 
I. 

Division 
II. 

1 

2 

3 

4 

5 

0 

7 

8 

Qenera. 
5 

4 
9 
3 
4 
2 
3 
0 

Qenera. 
5 
3 
0 
2 
1 
8 
2 
9 

Qenera. 
0 
0 
0 
0 
1 
1 
2 
1 

Qenera. 

\ 

1 
0 
0 
0 
0 
0 

Qenera. 
0 
0 
2 
0 
0 
0 
0 
0 

In  Hypoihenemu8  the  types  of  galleries  do  not  extend  beyond 
group  1  and  represent  specific  types  a,  J,  c,  and  d;  Cryphalus  is  also 
confined  to  the  same  group  and  types,  while  Pityopkthorus  repre- 
sents group  1,  a  and  d;  group  4,  a,  &,  c,  and  d;  and  group  5,  a  and  d. 
Ips  represents  group  2,  a,  &,  c,  and  d,  and  group  5,  a,  J,  c,  and  <Z. 

The  relation  of  types  of  galleries  to  species  shows  some  striking 
examples  of  progressive  modification  within  a  genus  and  of  parallel 
characters  in  different  genera.  It  is  not  desirable  to  present  a  table 
to  illustrate  these  relations  in  this  connection,  but  it  is  intended  to 
do  so  in  subsequent  parts  dealing  with  the  subfamilies. 

While  considerable  attention  has  been  given  to  the  subject,  a  far 
more  comprehensive  study  of  the  egg  and  brood  galleries  than  has 
yet  been  made  is  required  as  a  basis  for  correlating  their  taxonomic 
characters  with  the  morphological  characters  of  the  species. 

TAXONOMIC  RELATION   BETWEEN  THE  BEETLES  AND  THEIR  HOST 

PLANTS. 

Among  the  scolytoid  beetles  there  is  often  a  close  taxonomic 
relation  between  the  species,  genera,  and  groups  of  the  beetles  and 
the  species,  genera,  or  groups  of  plants  they  infest,  so  that  we  may 
often  know  the  insect  by  the  host,  or  the  host  by  the  insect. 

In  other  words,  the  host,  together  with  the  character  of  the  gallery 
of  a  beetle,  will  often  not  only  serve  to  identify  the  species  to  which 
it  belongs  but  will  indicate  its  systematic  position.  In  a  like  manner 
the  presence  of  certain  species  of  beetles  will  serve  to  identify  the 
species  of  plant  and  indicate  its  systematic  position. 

Part  of  Plant  Selected  by  the  Beetles. 

The  part  of  the  plant  in  which  the  egg  galleries  are  excavated  is 
also  of  interest.  In  some  species  it  is  limited  to  the  root  or  stem  of 
an  herbaceous  plant;  in  others  to  the  bark  on  the  roots,  main  trunk, 
larger  branches,  and  smaller  branches,  or  to  the  twigs  or  fruit  of  a 
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shrub  or  tree.  Indeed  it  is  found  that  the  species  of  an  entire  genus 
of  beetles  may  confine  their  breeding  places  to  a  restricted  part  oi 
the  plants  of  a  single  genus  or  closely  allied  group.  Therefore  even 
the  part  of  the  plant  infested  by  a  species  may  be  of  considerable 
taxonomic  importance  in  indicating  the  natural  position  of  a  species 
or  genus  of  heretofore  doubtful  position. 

Condition  of  the  Plant. 

The  condition  of  the  plant  or  plant  tissue  at  the  time  it  is  occupied 
by  the  beetles  is  of  considerable  systematic  and  economic  importance. 
It  ranges  from  young  to  old  plants,  living,  declining,  dying,  and  dead, 
and  to  different  stages  of  decay  of  the  plant  or  some  part  of  its  tissue. 
The  fact  that  there  is  a  relation  between  the  species  of  beetles  and 
one  or  more  of  the  conditions  mentioned  shows  that  there  is  some- 
thing of  taxonomic  value  in  this  phase  of  the  subject. 

Relation  of  the  Species  of  Beetles  to  the  Systematic   Posi- 
tion of  Their  Host. 

The  primary  and  minor  divisions  and  groups  of  plant  species  repre- 
sented in  which  one  or  more  species  of  beetles  live  range  from  the 
fruiting  bodies  of  certain  fungi  of  the  Eumycetes  to  the  higher  flower- 
ing shrubs  and  trees  of  the  Angiospermee,  the  greater  number  of  spe- 
cies and  genera  being  confined  to  the  Pinacese  of  the  Gymnospermff 
and  the  shrubs  and  trees  of  the  Dicotyledoneae  of  the  Angiosperma. 

Range  of  Host  Plants. 

The  range  of  host  plants  in  the  families  of  the  Scolytoidea  may  be 
designated  as  follows : 

Table  VIII. — Range  of  host  plants  in  the  families  of  Scolytoidea. 


Family  in  the  Scolytoidea. 


Group  of  host  plants. 


Fungi. 


Gymno- 
spermse. 


Ipida? j  Rare. 

Scolytida? !  None 

Scolytoplatypodidue j . .  -do. 

Platypodida? . .  .do., 


Monocoty- 
ledoneae. 


Common. 

Rare 

None 

Common. . 


Rare. 
None. 
..do.. 
..do.. 


Dicoty- 
ledon**. 


Common. 
...Da 
Rare. 
Common. 


The  range  of  host  plants  in  the  genera  of  true  barkbeetles  is  usually 
more  restricted  and  characteristic  than  in  the  genera  of  ambrosia 
beetles  or  in  those  species  which  live  in  dead  or  decaying  bark  or 
wood. 

Examples  of  restricted  range  of  host  plants. — In  the  Cryphalinae  we 
find  that  Cryphalus  is  partial  to  Abies  and  Picea;   Trypophl&us  to 
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Alnus,  Salix,  and  Populus.  In  Ipinae  the  true  Pityogenes  and  Ips 
are  largely  confined  to  Pinus  and  Picea.  In  Corthylinae  the  genus 
Gnaihotrichus  is  confined  to  the  Pinus  group,  while  Monarihrum  is 
partial  to  the  dicotyledonous  trees.  In  Crypturginae  the  species  of 
Orypturgus,  Dolurgus,  and  Dendrodonus  are  confined  to  Pinus  and 
allied  genera.  In  Hylesininae  Tomicus  (Myelophilus),  Hylurgus,  and 
Hylastes  are  confined  to  Pinus,  while  the  true  Hylesinus  and  Pteleo- 
bius  are  particularly  associated  with  Fraxinus. 

Examples  of  wide  range  of  host  plants. — In  Cryphalinae  Hypoihenemus 
has  a  range  of  host  plants  from  fungi  up  through  many  genera  of  the 
Monocotyledoneae  and  Dicotyledoneae  but  is  rarely  found  as  an  inhabi- 
tant of  the  Gymnospermae.  Xyleborus  has  the  widest  range  of  all — 
through  the  Conifer©  and  Angiospermae.  Dryocmtes  is  divided  be- 
tween the  conifers  and  allies  of  Quercus.  In  Corthylinae  the  genus 
Xyloterus  is  divided  between  the  Gymnospermae  and  a  wide  range 
of  the  trees  of  the  Angiospermae.  Corthylus  is  confined  to  a  wide 
range  of  trees  in  the  Angiospermae,  as  is  also  Monarihrum,  except 
in  the  case  of  a  few  records  .from  the  Pinus  and  Juniperus  groups. 
In  Scolytinae  the  genus  Scolytus  as  at  present  recognized  is  divided 
between  the  genera  of  the  Pinales  (except  Pinus)  and  the  Amentales 
and  Rosales.  In  Platypodinae  there  is  a  wide  range  of  food  plants 
in  the  trees  of  the  Gymnospermae  and  Angiospermae. 

Associations  of  Species  of  Beetles  and  Species  of  Plants. 

In  some  of  the  genera  which  are  restricted  in  the  range  of  host  plants 
as  well  as  in  those  with  the  widest  range  there  are  many  species  which 
are  restricted  to  a  single  species  or  group  of  closely  allied  species  of 
plants.  In  Phloeotribinae  there  are  species  peculiar  to  Moras,  Celiis, 
etc.,  and  in  PMceosinus,  with  but  very  few  exceptions,  each  species  is 
peculiar  to,  or  prefers,  a  different  species  of  cypress,  cedar,  or  juniper, 
or  group  of  allied  species.  In  Scolytus  we  find  Hicoria,  Ulmus,  Fagus, 
Betula,  Celtis,  Quercus,  Abies,  Picea,  Pseudotsuga  taxifolia,  etc.,  with 
species  of  beetles  peculiar  to  each  plant  genus. 

SUMMAKY   OF  TaXONOMIC    EVIDENCE    FURNISHED    BY  HOST   RELA- 
TIONS. 

In  a  study  of  the  relations  between  the  insects  and  their  hosts  some 
rather  striking  facts  have  been  determined  which  have  furnished  evi- 
dence to  clear  much  of  the  confusion  in  classification  based  on  mor- 
phological characters  alone  and  in  which  parallel  or  analogous  char- 
acters have  been  mistaken  for  those  of  affinity.  By  the  old  method 
of  morphological  distinction  closely  allied  species  and  genera  have 
been  widely  separated  in  the  classification  and  distantly  related  ones 
placed  together.  A  number  of  such  cases  have  been  detected  where 
the  host  plant  and  the  character  of  the  galleries  have  been  studied. 
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In  other  words,  the  physiological  characteristics  gave  the  best  clue  to 
the  natural  affinities  of  the  various  groups  and  led  to  the  discovery  of 
heretofore  overlooked  morphological  characters  which  furnished 
conclusive  evidence  of  their  true  position. 

The  close  relationship  between  some  of  the  existing  representative? 
of  ancient  groups  of  plants  and  representatives  of  evidently  ancient 
types  of  the  beetles  indicates  that  the  beetles  and  plants  may  have 
been  closely  associated  in  their  evolution  from  their  respective  primi- 
tive forms. 

GEOGRAPHICAL  DISTRIBUTION  IN  ITS  BEARING  ON  TAXONOMY. 

Superfamily  SCOLYTOIDEA. 

It  is  evident  from  our  present  knowledge  that  the  superfamily 
Scolytoidea  is  represented  to  a  greater  or  less  extent  in  every  section 
of  the  world  where  woody  plants  grow. 

Family  IPIDiE. 

The  family  Ipidae  is  also  represented  by  species  in  all  of  the  great 
faunal  regions.  The  subfamily  Cryphalinae,  with  its  widely  dis- 
tributed Hypoihenemu8,  Stephanoderes,  and  Xyleborus,  has  a  wider 
range  of  distribution  perhaps  than  is  found  in  any  of  the  other  sub- 
families. The  Ipinse  are  more  restricted  to  the  Holarctic  regions  and 
to  the  distribution  of  Pinus  and  its  allies,  Abies,  Picea,  Larix,  etc. 
The  Corthylinee  are  more  restricted  to  temperate,  subtropical,  and 
tropical  America  except  in  the  genus  Xyhterus,  which  extends 
through  the  Palsearctic  and  Nearctic  regions.  The  Micracinae,  with 
the  exception  of  Liparthrum  and  Hypohorus,  are  largely  restricted  to 
north  temperate  America.  In  Crypturginse  the  genus  Aphanar- 
thrum  is  restricted  to  Madeira  and  the  Canary  and  Cape  Verde  Islands, 
while  Crypturgus  has  a  wide  range  through  the  Palmare  tic  and  Nearc- 
tic regions,  and  Dendroctonus,  with  one  exception,  is  confined  to  North 
and  Central  America.  The  Phloeotribin®  and  Hylesinin®  are  widely 
distributed  throughout  the  regions  of  tree  growth. 

Family  SCOLYTID^. 

The  family  Scolytidse,  as  represented  by  the  genus  Scolytus,  extends 
over  a  wide  range  of  the  Palaearctic  and  Nearctic  regions,  but  the 
greater  number  of  genera  and  species  are  evidently  to  be  found  in  the 
subtropical  and  tropical  regions  of  Central  and  South  America. 

Family  SCOLYTOPLATYPODIDjE. 

The  family  Scolytoplatypodidee,  so  far  as  known,  is  restricted  to 
small  sections  of  the  eastern  Palsearctic  and  of  the  Ethiopian  regions. 
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Ffcmily  PLATYPODIA. 

The  faxnily  Platypodidae  has  a  wide  range  through  the  temperate, 
subtropical,  and  tropical  regions  of  both  continents. 

There  are  many  features  in  the  distribution  of  genera  and  species 
^which  are  of  special  interest,  but  there  is  need  of  information  on  many 
species  from  the  different  countries  which  at  present  are  poorly  or 
not  at  all  represented  in  collections. 

PAIRED  SPECIES. 

The  subject  of  so-called  paired  or  parallel  species  is  of  special 

interest  in  connection  with  a  study  of  the  distribution.     There  are 

some  striking  examples  of  paired  species  in  the  genus  Dendroctonus 

which,  if  they  occupied  the  same  local  faunal  area,  would  be  difficult 

of  separation  on  account  of  their  close  resemblance  in  structural 

characters.     These  paired  species  are  brevicomis  and  barberi,  frontalis 

and  arizonicus,  mexicanus  and  paraUdocoUis,  monticolse  and  ponde- 

rosx,  piceaperda  and  engelrmnni,  punctata  and  muans,  and  terebrans 

and  valens.    In  each  case  the  pairs  are  more  or  less  widely  separated 

from  each  other  in  their  geographical  distribution,  as,  for  example, 

rnicans  of  northern  Europe  and  punctatus  of  the  Appalachians  of 

North  America,  frontalis  of  the  Southern  States  and  arizonicus  of 

Arizona,  barberi  of  Arizona  and  New  Mexico  and  brevicomis  of  the 

Pacific  Slope  States,  Idaho,  Montana,  and  part  of  Wyoming,  ponde- 

rosx  of  the  central  and  southern  Rocky  Mountains  and  monticolse  in 

the  Northern  Rocky  Mountains  and  Pacific  Slope. 

There  are  any  number  of  similar  cases  of  so-called  paired  species 
in  other  genera,  and  the  supposition  that  some  of  them  are  one  and 
the  same  species  has  led  to  considerable  confusion  concerning  the 
true  range  of  a  species.  Between  North  America  and  Europe  we 
have  several  examples,  such  as  Anisandrus  pyri  of  America  and 
Anisandrus  dispar  of  Europe,  Dryoccetes  autographus  of  Europe  and 
Dryoccetes  septentrionis  of  the  western  coast  and  Alaska  of  America, 
Xyloterus  lineatus  of  Europe  and  Xyloterus  bivittaius  of  America, 
Hylurgops  glabratus  of  Europe  and  Hylurgops  pinifex  of  America. 
There  are  many  others  common  to  two  or  more  countries  which  super- 
ficially seem  to  be  the  same. 

REVIEW  OF  TAXONOMIC   CHARACTERS  AND  CHARACTERISTICS. 

In  a  review  of  the  foregoing  discussion  of  the  morphological  char- 
acters to  be  found  in  the  different  stages  of  the  scolytoid  beetles  and 
of  the  physiological  characteristics  in  their  habits,  it  is  shown  that 
there  is  a  wide  range  of  taxonomic  elements  by  which  to  distinguish 
species  and  genera  and  to  indicate  or  fix  their  position  in  the  classifica- 
tion.    Indeed  the  vast  number  of  these  characters  and  characteristics 
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and  the  wide  range  in  their  variation,  together  with  the  disturbing: 
factors,  or  reversals,  and  parallel  modifications,  are  enough  to  over- 
whelm, confuse,  and  discourage  anyone  who  attempts  to  study  and 
utilize  them  in  a  comprehensive  classification.  It  is  plain,  however, 
that  it  is  only  through  such  a  comprehensive  treatment  that  we  can 
hope  to  approach  the  ideal  natural  classification. 

MORPHOLOGICAL  CHARACTERS. 

In  a  review  of  the  morphological  characters  it  is  found  that  the 
tarsus  and  tibia  are  of  special  value  in  the  classification  of  the  super- 
family;  the  head,  pronotum,  elytra,  and  third  joint  of  the  tarsus  for 
the  family;  the  head,  tarsi,  pronotum,  elytra,  anterior  coxae,  abdomi- 
nal sternite,  and  pygidium  for  the  subfamily;  the  antennae,  eyes, 
pronotum,  elytra,  tarsi,  tibiae,  body,  abdominal  sternites,  anterior 
coxae,  and  mouthparts  for  the  genus,  and  for  the  species  there  is  such 
a  wide  range  of  characters  of  varying,  and  sometimes  reverse,  value 
in  different  genera  that  they  can  not  be  specified  except  for  limited 
groups.  However,  the  size,  form,  color,  vestiture,  and  sculpture 
of  the  body,  the  front  of  the  head,  elytral  declivity,  etc.,  are  in  gen- 
eral among  the  most  important  bearers  of  specific  characters. 

In  the  digestive  system  the  masticatory  plates  of  the  proventric- 
ulus  appear  to  be  of  special  taxonomic  value  when  applied  to  sub- 
families, genera,  and  species. 

In  the  reproductive  organs  of  the  male  there  is  a  very  wide  range 
of  variation  in  the  primary  and  secondary  elements  of  the  posterior 
or  chitinized  section,  but  with  a  few  exceptions  their  taxonomic 
value  appears  to  be  restricted  to  major  and  minor  divisions  of  the 
genus  and  especially  to  the  separation  of  the  species.  In  the  anterior 
section  of  the  organs  the  length  of  the  ductus  ejaculatorius  and  the 
form  of  the  testes,  seminal  vesicles,  vas  deferens,  and  mucus  glands 
appear  to  represent  the  principal  taxonomic  elements,  and  they  are 
of  varying  value  as  applied  to  major  and  minor  groups. 

The  female  reproductive  organs,  like  the  proventriculus,  appear  to 
possess  a  number  of  taxonomic  characters  of  family,  subfamily,  and 
generic  value,  such  as  the  presence  or  absence  of  the  cement  glands 
and  their  varying  characters  and  the  presence  and  character  of  the 
spermatheca  with  its  seminal  duct. 

In  the  secondary  sexual  characters  we  find  a  few  which  are  peculiar 
to  a  genus  or  to  groups  of  allied  genera,  but  in  general  their  principal 
value  appears  to  be  in  distinguishing  the  species. 

In  the  pupro  it  is  found  that  the  head  and  the  tergal,  lateral,  pleural, 
caudal,  and  femoral  spines  appear  to  be  the  most  important  taxo- 
nomic elements. 

In  the  larvae  there  is  a  wide  range  of  variation  in  the  form  of  the 
body  and  in  some  of  the  primary  elements  of  the  head  and  posterior 
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abdominal  segments,  spiracles,  etc.,  which,  are  of  value  in  separating 
the  families,  but  the  majority  of  these  characters  are  of  greatest  value 
in  connection  with  the  genera  and  species. 

The  egg  and  embryo  doubtless  bear  some  important  characters, 
but  they  have  not  been  sufficiently  studied  by  the  writer  to  justify 
their  discussion  in  this  connection. 

PHYSIOLOGICAL    CHARACTERISTICS. 

A  review  of  the  evidence  relating  to  the  physiological  character- 
istics shows  that  the  feeding,  breeding,  flight,  and  social  habits,  the 
galleries,  larval  mines,  host  plants,  the  species  of  plant,  the  part  of 
the  plant  occupied,  conditions  of  the  plant,  restricted  or  wide  range  of 
host  relations,  and  features  in  geographical  distribution  have  some- 
thing to  contribute  in  facts  and  evidence  of  more  or  less  taxonomic 
importance. 

CORRELATION  OF  MORPHOLOGICAL  AND  PHYSIOLOGICAL  ELEMENTS. 

In  order  to  arrive  at  satisfactory  conclusions  in  regard  to  the  proper 
correlation  of  the  mass  of  taxonomic  data  mentioned  in  the  foregoing 
review  one  must  have  a  far  more  comprehensive  and  first-hand 
knowledge  of  the  subject  as  applied  to  the  species  of  the  world  than  is 
possessed  by  any  investigator  at  the  present  time.  Therefore  it  is  the 
object  of  the  writer  to  call  attention  to  the  need  of  further  investi- 
gation of  this  broader  principle  of  zoological  taxonomy  rather  than 
to  attempt  to  draw  conclusions.  It  is  evident,  however,  that  at  some 
future  time  the  essential  facts  will  be  correlated  into  a  svstem  which 
will  not  only  indicate  true  natural  relations  but  perhaps  give  a  better 
clue  to  the  action  of  natural  laws  and  a  better  interpretation  of  the 
fundamental  principles  involved  in  the  evolution  of  life  in  general. 

In  order  to  arrive  at  sound  conclusions  the  whole  subject  must  be 
investigated  without  prejudice  for  or  against  any  theory  as  to  phylo- 
genetic  origin  of  the  organism,  or  as  to  the  primitive  or  recent  char- 
acter of  an  organ  or  element.  The  problem  must  be  attacked  with 
the  view  of  locating  the  more  important  or  essential  facts  relating  to 
the  distinguishing  characters  and  characteristics  as  applied  to  the 
species  and  their  various  aggregations  into  genera,  subfamilies,  and 
families  and  the  major  and  minor  divisions  of  each.  In  other  words, 
a  given  group  of  organisms  should  be  studied  in  all  of  its  morphological 
and  physiological  aspects  with  the  view  of  locating,  by  the  process  of 
elimination,  the  elements  of  primary  importance  until  one  or  more 
characters  in  each  of  the  principal  morphological  and  physiological 
groups  of  taxonomic  elements  are  found  to  correlate  in  the  formation 
of  a  harmonious  taxonomic  compound. 

It  has  been  shown  in  the  foregoing  pages  that  a  classification  based 
on  any  limited  set  of  external  or  internal  elements  of  the  adult  body, 
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such  as  those  found  in  the  proventriculus  or  in  the  male  or  female 
organs,  will  suggest  a  phylogenetic  system,  but  when  it  is  found 
that  each  system  differs  from  the  other  to  such  an  extent  that  the 
same  genus  or  species  will  occupy  a  radically  different  position  in 
the  different  systems  it  is  perfectly  plain  that  the  true  taxonomic 
value  of  the  elements  has  not  been  correctly  interpreted  or  applied. 
On  the  other  hand,  it  is  equally  plain  that  if  characters  can  be  f ound 
in  all  or  a  majority  of  the  groups  of  external  and  internal  elements 
which  point  in  the  same  direction,  we  may  safely  assume  that  we 
have  more  nearly  approached  the  true  principle  involved  and  the 
ideal  classification. 

Examples  of  an  attempt  by  the  writer  to  correlate  and  harmonize 
the  various  morphological  and  physiological  elements  will  be  found 
in  the  synoptic  tables  of  Dendroctonus,  Part  I  of  this  bulletin,  and  of 
Pissodes  in  Technical  Series  20,  Part  I. 

PARALLEL  MODIFICATIONS. 

Parallel  modification  in  morphological  and  physiological  elements 
is  without  doubt  an  important  factor  to  be  considered  in  taxonomy. 
It  is  evident  from  a  comparative  study  of  the  various  systems  of 
classification  that  the  failure  of  taxonomists  fully  to  realize  its  im- 
portance has  in  many  cases  led  to  wrong  conclusions.  It  has  been 
shown  in  the  foregoing  discussion  that  there  are  a  great  many  ex- 
amples of  parallel  characters  and  characteristics  in  widely  separated 
species  and  genera  and  that  if  they  are  not  recognized  and  properly 
interpreted  as  such  by  the  taxonomist,  radically  wrong  positions 
will  be  assigned  to  many  species  and  genera. 

REVERSALS. 

The  reversal  of  characters  and  characteristics  in  different  species 
of  the  same  genus  or  in  different  genera  and  larger  groups  is  another 
important  fact  to  be  kept  in  mind,  especially  as  related  to  secondary 
sexual  characters.  Therefore  it  is  never  safe  to  conclude  that  be- 
cause a  given  character  or  a  group  of  characters  is  of  special  value 
in  distinguishing  one  group,  genus,  species,  or  sex,  it  will  hold  in  all 
cases.  There  have  been  numerous  examples  of  wrong  determina- 
tion of  the  sexes  from  a  failure  to  recognize  this  principle,  as  has  been 
pointed  out  by  the  writer  (Hopkins,  1894,  pp.  274-280)  and  Bland- 
ford  (1895,  pp.  83-86).  As  has  been  shown  on  preceding  pages, 
reversals  are  also  found  in  specific,  generic,  and  group  characters,' 
even  to  the  subdivision  of  the  superfamily,  where  we  find  a  most 
striking  example  in  the  reversal  of  the  apical  spine  or  process  of  the 
anterior  tibia  from  the  inner  to  the  outer  angle. 
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PROGRESSIVE  MODIFICATIONS. 

The  discontinuous  yet  more  or  less  progressive  change  or  variation 
in  the  modification  of  morphological  and  physiological  elements 
along  definite  lines  within  the  minor  to  major  groups  is  very  evident 
in  every  group.  The  more  this  subject  is  studied  the  more  we  are 
convinced  that  there  are  certain  important  facts  involved  in  this 
principle  that  have  not  been  satisfactorily  explained  by  any  theory 
of  the  processes  of  evolution.  The  recognition  and  application  in 
taxonomy  of  those  unexplained  features  does  not,  however,  neces- 
sarily require  the  acceptance  or  rejection  of  any  theory  of  ortho- 
genesis or  phylogenesis.  It  is  only  necessary  to  correlate  them  with 
other  more  easily  explained  elements  of  distinction  or  to  utilize  them 
as  guides  to  the  position  a  species  or  group  should  occupy  in  a  given 
series. 

Examples  of  Progressive  Modification. 

The  examples  of  progressive  modification  in  morphological  char- 
acters and  physiological  characteristics  which  have  been  noted  by 
the  writer  in  the  scolytoid  beetles  may  be  summarized  as  follows: 

Morphological  characters. 

Body  small  to  large. 

Body  slender  to  stout.  • 

Body  with  scales  to  hairs,  to  glabrous. 

Head  concealed  to  exposed. 

Head  short  and  broad  to  narrow  and  subrostrate. 

Head  with  front  convex,  glabrous,  to  concave  and  pubescent  or  fringed. 

Head  with  eyes  oblong,  elliptical  and  not  emarginate,  to  short,  oval,  and  deeply 
emarginate  or  divided. 

Antennal  joints  of  funicle  increasing  in  number  to  the  limit  cf  seven. 

Antennal  joints  of  club  decreasing  in  number  through  fusion  or  disappearance  of 
sutures. 

Prothorax  long  and  narrow  to  short  and  broad.   . 

Prothorax  with  sides  not  margined  to  margined,  or  not  emarginate  to  emarginate. 

Prothoracic  pleurum  convex  to  flat  and  concave. 

Tarsi  with  third  joint  simple  to  emarginate  and  bilobed. 

Tarsi  with  first  joint  short  to  long. 

Elytral  declivity  convex  and  smooth  to  rugose  and  armed;  retuse  to  concave,  with 
the  margin  unarmed  to  strongly  armed. 

Sexes  of  unequal  size  and  the  males  rare  to  equal  size  and  the  males  common. 

Secondary  sexual  characters  obscure  to  prominent. 

Galleries. 

Simple  cavities  in  decaying  bark  and  wood,  to  complex  designs  and  regular  forms  of 
egg  galleries  and  larval  mines. 

Excavated  in  bark  to  excavated  in  wood,  seeds,  etc. 

Social  habits. 

Unorganized  polygamy  to  organized  polygamy,  to  highly  organized  monogamy. 
Independent  larvae,  procuring  their  own  food,  to  dependent  larvae,  with  the  food 
provided  by  the  maternal  parent. 
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STATISTICAL  TAXONOMY. 

The  subject  of  statistical  taxonomy  has  received  considerable 
attention  by  the  writer  and  an  attempt  has  been  made  (Hopkins, 
1911,  pp.  28-30,  PL  II)  to  show  its  successful  application  in  the  genus 
Pissodes.  The  detail  and  accuracy  required  for  this  method  and  the 
difficulty  of  determining  a  specific  and  taxonomic  formula  are  so  great, 
however,  as  to  be  rather  trying  on  the  patience  of  the  investigator. 
Therefore  it  is  the  opinion  of  the  writer  that  it  should  not  be  resorted 
to  except  in  cases  in  which  other  methods  fail  to  give  satisfactory 
results  and  then  only  when  the  elements  to  be  included  are  of  such  a 
nature  as  to  be  readily  available  for  the  mathematical  determination 
of  relative  proportions.  There  is  in  this,  as  in  many  subjects  relating 
to  taxonomy,  a  need  of  a  more  comprehensive  investigation  in  order 
that  the  most  reliable  basis  for  conclusions  may  be  reached. 

THE  SPECIES. 

Reference  has  been  made  (Part  I,  p.  66)  to  the  writer's  views  on 
specific  distinction  and  the  range  and  limits  of  specific  variation.  Ib 
addition  it  may  be  said  that  no  species  can  be  established  beyond  dis- 
pute without  a  knowledge  of  both  the  morphological  and  physiological 
elements  of  distinction.  This  does  not,  however,  preclude  the  recog- 
nition and  naming  of  imperfectly  defined  and  poorly  represented  species 
and  of  retaining  them  as  long  as  they  can  be  readily  distinguished 
from  other  allied  forms.  Such  names  and  definitions  serve  as  a  basis 
for  study  until  it  is  more  definitely  shown  whether  or  not  the  forms  are 
worthy  of  permanent  specific  distinction.  There  is  necessarily  a  wide 
range  in  the  relative  prominence  of  the  distinguishing  characters  as 
between  a  species  which  is  the  only  representative  of  a  genus  and  sub- 
family and  one  of  a  group  of  closely  allied  species.  It  is  found,  how- 
ever, that  for  the  purpose  of  systematic  and  economic  investigation 
the  isolated  species  may  be  of  no  more  value  for  study  and  may  con- 
tribute no  more  to  the  advancement  of  knowledge  than  the  one  which 
is  with  difficulty  separated  from  its  congeners. 

Since  we  now  insist  upon  a  single  specimen  as  the  author's  designa- 
tion of  the  type  of  a  described  species  it  is  deemed  by  the  writer  to  be 
perfectly  proper  to  base  the  description  of  a  new  species  on  a  single 
specimen,  provided  the  author  of  the  description  is  sufficiently 
familiar  with  the  previously  described  allied  species  and  genera  to 
enable  him  to  recognize  the  characters  and  characteristics  which  are 
of  real  specific  importance. 

VARIETIES,  RACES,  ETC. 

There  is  in  all  species  a  greater  or  lesser  range  of  variation  from 
the  type,  and  often  some  groups  of  individuals  may  be  so  different  as 
to  indicate  a  distinct  varietv  or  race.     If  such  variant  forms   are 
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found  intermingled  with  the  broods  of  the  typical  forms  and  the 
characters  are  not  sufficiently  constant  to  distinguish  them  as  separate 
species  they  should  simply  be  considered  as  coming  within  the  range 
of  specific  variation,  but  in  the  writer's  opinion  these  varieties  should 
not  be  distinguished  by  a  trinomial. 

In  some  genera  and  species  the  sexes  may  so  differ  in  whole  groups 
of  characters  as  to  indicate,  in  some  cases,  different  genera.  But 
there  is  always  some  character  or  set  of  characters  common  to  both 
sexes  which  would  point  to  the  same  species  even  if  they  were  not 
found  associated  in  the  same  brood. 

There  is  evidence  that  in  some  of  the  species  of  Xyleborus  and 
allied  genera  in  the  Cryphalinse  there  may  be  occasional  individuals 
which  represent  a  degenerate  form  or  a  caste  in  the  social  relations  of 
a  brood  or  colony,  with  uniform  but  radically  different  characters 
from  those  of  either  sex,  and  that  on  account  of  the  radical  differences 
which  separate  them  from  the  species  with  which  they  have  been 
found  they  have  heretofore  been  recognized  as  good  species.  Xyle- 
borus planicollis  Zimm.  may  be  such  an  odd  member  of  the  Xyleborus 
inermis  colony  and  Xyleborus  viduus  Eichh.  an  odd  type  of  the 
^Xyleborus  fuscatus  colony,  but  further  observations  will  be  needed 
to  settle  the  question.  If  this  should  be  true  in  these  cases  it  may 
iiold  with  isolated  cases  in  other  social  species,  like  those  of  Hypothec 
nemus,  Stephanoderes,  Dryocwies,  etc. 

THE  GENUS. 

There  is  more  latitude,  perhaps,  for  the  selection  of  distinguishing 
characters  of  the  genera  than  there  is  for  the  species,  but  the  same 
principle  applies.  There  mast  be  some  single  character  or  group  of 
characters  common  to  a  group  of  allied  species  which  will  serve  to 
distinguish  the  group  readily  from  all  other  allied  groups.  The 
range  of  departure  or  variation  from  the  type  of  the  genus  is  restricted 
in  some  genera,  but  in  other  genera  with  many  species  there  may  be 
a  very  wide  range,  so  that  the  species  will  fall  in  distinct  divisions 
and  subdivisions,  which  are  designated  by  some  authors  as  subgenera. 

Unfortunately  there  is  a  wide  range  in  the  opinions  of  different 
authors  as  to  the  limits  of  a  genus.  Some  go  to  the  extreme  in 
restricting  it  to  closely  allied  species  while  others  go  to  the  opposite 
extreme  (Hagedorn,  1910)  and  include  a  large  number  of  genera  or 
so-called  subgenera.  It  is  plain  to  the  writer  that  of  the  two  extremes 
the  latter  is  the  more  objectionable  because  it  will  certainly  contrib- 
ute more  than  the  former  toward  retarding  than  advancing  knowl- 
edge. The  writer  believes  that  there  is  a  middle  ground  on  which 
systematists  should  endeavor  to  get  together  in  order  that  there  may 
be  more  uniformity  in  the  conception  and  definition  of  the  genus. 
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NOMENCLATURE. 

Nomenclature,  as  applied  to  taxonomy,  is  a  subject  on  which  there 
are  wide  differences  of  opinion,  and  it  is  evident  that  until  there  is 
more  uniformity  there  will  be  continued  contributions  to  the  con- 
fusion of  knowledge  along  with  those  which  contribute  to  its  advance- 
ment. 

a 

It  seems  to  the  writer  that  the  subject  of  designating  by  name 
varieties,  forms,  races,  subspecies,  and  subgenera  should  demand  the 
special  attention  of  systematists  with  the  view  of  coming  to  an  under- 
standing as  to  the  limiting  of  such  names  to  the  more  definite  con- 
cepts, as  those  of  the  species  or  genus.  It  would  seem  that  if  we 
should  limit  the  names  to  the  species,  genera,  subfamilies,  families, 
and  superfamilies  within  an  order  and  designate  the  major  and  minor 
divisions  of  each  as  divisions  (I,  II),  subdivisions  (A,  B,  C,  D),  sections 
(al,  a2,  etc.),  subsections  (bl,  b2,  etc.),  series  (cl,  c2,  etc.),  and  sub- 
series  (el,  e2,  etc.),  it  would  be  in  the  line  of  progress  toward  a  con- 
sistent, practical,  and  uniform  method  of  expressing  the  varying 
ranks  as  interpreted  by  different  authors.  It  would  avoid,  at  the 
same  time,  the  use  of  names  for  divisions  and  subdivisions  which 
have  different  meanings  in  the  systems  proposed  by  different  authors 
and  prevent  the  accumulation  of  obsolete  names  with  every  change  or 
important  advance  in  the  classification. 

In  the  systematic  treatment  of  the  scolytoid  beetles  the  writer  fails 
to  see  the  need  of  recognizing  subspecies  or  subgenera.  The  species 
and  the  genus  are  the  two  most  important  biological  concepts  on 
which  to  base  both  systematic  and  economic  investigations.  They 
serve,  also,  as  the  most  important  units  on  which  to  base  a  classifica- 
tion. Therefore  the  writer  holds  that  the  individual  represents  a 
species  and  that  a  species  represents  a  genus;  hence  the  introduction 
of  the  trinomial  for  a  subspecies  and  the  naming  of  a  subgenus  are 
unnecessary.  Moreover,  he  believes  that  a  general  practice  of  giving 
names  to  such  divisions  of  these  taxonomic  units  will  ultimately  lead 
to  endless  confusion  and  retard  rather  than  advance  the  spirit  of 
research  and  the  acquisition  of  knowledge.  At  best  the  designation  of 
the  species  and  the  genus  to  which  a  given  individual  should  be  refer- 
red is  an  arbitrary  interpretation  of  a  concept.  Therefore,  when  an 
author  designates  an  individual  or  a  group  of  individuals  as  repre- 
senting a  subspecies,  or  a  group  of  species  as  representing  a  subgenus, 
it  involves  the  assumption  that  the  concept  is  a  fact  and  that  he  has 
sufficient  knowledge  of  this  fact  to  enable  him  to  analyze  it  into  com- 
ponent categories  the  relations  of  which  are  so  definitely  determined 
as  to  justify  the  subordination  of  one  part  to  another. 

There  is  such  a  wide  range  for  the  interpretation  of  specific  and 
generic  distinctions  and  such  a  vast  difference  in  the  relative  rank  of 
such  distinctions,  between  isolated  survivors  of  highly  specialized  and 
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ancient  groups  and  common,  closely  allied,  and  variable  forms,  that 
the  difference  between  two  species  in  one  genus  may  be  equivalent 
to  or  greater  than  that  between  two  allied  genera.  In  a  like  manner 
the  difference  between  two  genera  may  be  almost  equivalent  in  rank 
to  that  between  two  allied  subf amilies.  Therefore  the  fact  that  a  given 
group  of  individuals  or  a  group  of  species  appears  to  represent  a  position 
of  lower  rank  than  that  of  an  allied  species  or  genus  is  not  sufficient  rear 
son  that  it  should  be  designated  as  a  subspecies  or  subgenus.  In  other 
words,  it  is  the  writer's  opinion  that  if  a  group  of  individuals  is  suffi- 
ciently distinct  from  allied  groups  to  justify  its  designation  by  a  name, 
it  should  be  recognized  as  a  species ;  and  if,  on  the  other  hand,  the  group 
is  connected  with  allied  forms  by  such  a  number  of  intermediate  forms 
as  to  render  its  specific  distinction  doubtful,  it  should  be  included  with 
other  variable  types  under  a  species  name,  and  that  the  same  principle 
should  hold  in  regard  to  the  genus. 

All  of  the  purposes  served  by  the  subspecific  designation  can  be 
served  just  as  well,  if  not  better,  by  classifying  the  individuals  of  a 
species  into  major  and  minor  divisions,  sections,  etc.,  and  letting  these 
represent  the  same  conception  as  that  represented  by  the  named  sub- 
species, and  on  the  same  principle  the  divisions  and  subdivisions  of  a 
genus  will  serve  the  same  purpose  as  if  designated  by  names. 

TYPES  OF  GEffEBA. 

Difference  of  opinion  among  systematists  who  have  worked  on  the 
scolytoid  beetles,  guided  as  they  have  been  by  different  rules  and  con- 
ceptions as  to  what  constitutes  a  valid  genus,  has  led  to  much  uncer- 
tainty and  confusion  as  to  some  of  the  older  names  for  the  genera  of 
our  common  species.  Therefore  it  seems  necessary  that  the  author 
should  present  the  evidence  which  appears  to  him  to  be  conclusive  in 
regard  to  the  generic  names  and  the  synonymy  of  Scolytus,  Ips,  Tomi- 
cus9  CrypTialus,  Hypothenemus,  etc. 

Genua  SCOLYTUS  OeofEroy. 

It  has  seemed  to  the  writer  that  there  is  not  sufficient  reason  or 
authority  for  the  suppression  of  the  name  Scolytus  as  proposed  and 
clearly  defined  by  Geoffroy  (1762,  p.  309).  The  single  "species"  of 
the  "genus "  recognized  by  him  was  at  the  same  time  (p.  310)  indi- 
cated by  a  number,  the  genus  name  (Scolytus),  and  a  reference  to  a 
figure  (Vol.  I,  pi.  5,  fig.  5),  and  the  characters  were  more  clearly 
defined  in  a  description. 

Muller  (1764,  p.  xiv)  recognized  the  genus  Scolytus  Geoff,  and  re- 
ferred to  the  original  description  and  figures. 

Schaeffer  (1766,  Tab.  CXII,  figs.  1,  2,  3,  4)  redescribed  the  genus 
Scolytus  and  described  and  figured  the  species  indicated  by  Geoffroy, 
but  did  not  name  it. 
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Linnaeus  (1767)  failed  to  mention  the  genus  or  to  refer  to  Geoffroy, 
Muller,  or  Schaeffer. 

Fabricius  (1775,  p.  59)  recognized  the  species  described  by  Geoffroy 
and  redescribed  it  under  the  name  Bostrichus  scolytus,  with  the  cita- 
tion "Geoff.  Ins.  1-310,  [No.]  1,  Tab.  5,  fig.  5,  Mai."  Thus  Fabricius 
recognized  the  species  indicated  by  Geoffroy  on  page  310,  but  did  not 
refer  it  to  the  genus  described  on  page  309  under  the  name  Scolytus 
because  he  (Fabricius)  evidently  considered  it  synonymous  with  Bos- 
trichu8.  Consequently,  the  name  proposed  by  Geoffroy  for  the  genus 
should  stand  with  Bostrichus  scolytus  (Fab.)  as  the  type. 

Sulzer  (1776,  Th.  1,  p.  21;  Th.  II,  Tab.  II,  f.  13k),  under  the  name 
Dermestes  scolytus,  described  and  figured  the  species  indicated  by 
Schaeffer,  1766. 

Muller  (1776,  p.  57)  published  a  description  under  the  name  Scoly- 
tus punctatus  but  referred  it  doubtfully  to  Geoffroy's  figures. 

Goeze  (1177,  p.  143),  under  the  name  "Dermestes  scolytus  Geof- 
froi,"  cited  Bostrichus  scolytus  Fab.  (1775),  Scolytus  Geoff.  (1762), 
and  Scolytus  punctatus  Mull.  (1776).  Goeze  evidently  did  not  men- 
tion " Geoff roi"  as  a  specific  name  but  merely  to  indicate  that 
Geoffroy  was  the  author  of  or  authority  for  the  name  Scolytus. 

Linnaeus  (1788,  1793,  p.  1602)  recognized  Bostrichus  scolytus  Fab. 
and  cited  Fabricius,  1787,  Geoffroy,  1762,  Sulzer,  1776,  and  Schaeffer, 
1766. 

Herbst  (1793,  p.  124)  described  the  genus  Eccoptogaster  with 
Bostrichus  scolytus  Fab.  as  the  type. 

Olivier  (1795,  No.  78,  p.  5,  PI.  I,  fig.  4  a,  b,  c)  adopted  the  name 
Scolytus  for  the  genus  and  cited  Geoffroy,  1762,  and  Fabricius,  1775, 
but  substituted  for  the  species  the  name  destructor  in  the  place  of 
Scolytus  Fab.,  evidently  concluding,  as  other  contemporary  writers 
did,  that  the  generic  and  specific  names  could  not  be  the  same.  In 
fact  this  opinion  evidently  influenced  the  action  of  Fabricius,  Muller, 
Herbst,  and  others. 

Curtis  (1824,  p.  43)  designated  the  type  of  the  genus  Scolytus  as 
Bostrichus  scolytus  Fab. 

Genus  IPS  De  Geer. 

There  appears  to  be  no  room  for  doubt  that  the  genus  Ips  of  De 
Geer  (1775,  p.  190),  with  Dermestes  typographus  Linn.,  1758,  as  the 
type,  has  priority  over  Ips  of  Fabricius  (1776,  p.  23). 

Genus  TOMICUS  LatreiUe. 

Latreille  (1802,  p.  203)  described  the  genus  Tomicus  with  Hyle- 
sinus  piniperda  Fab.  (1801,  p.  392)  as  the  type,  but  H.  piniperda  of 
Fabricius  is,  as  cited  by  him  (1801,  p.  392),  the  same  as  Bostrichus 
piniperda  (L.)  Fab.  (1775,  p.  60;  1792,  p.  367)  and  Dermestes  pinir 
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*perda  Linn.  (1758,  p.  355  and  1767,  p.  563).  Therefore  it  appears 
-fchat  the  name  Tomicus  should  stand,  with  Hyle  sinus  piniperda  (L.) 
I?ab.  as  the  type.  The  slight  difference  in  the  description  by  Fabri- 
cius of  the  insect  he  identified  as  Linnseus's  species  does  not  warrant 
the  conclusion  that  it  was  different,  because  the  species  has  the 
characters  mentioned. 

The  species  piniperda  L. 

piniperda  L.,  Dermcstts  Linnaeus,  1758,  p.  355;  1761,  p.  143;  1767,  p.  363. 
piniperda  L.,  Bostrichus  Fabricius,  1775,  p.  60;  1792,  p.  367. 
piniperda  L.,  Hylemius  Fabricius,  1801,  p.  392. 
piniperda  L.,  Tomicus  Latreille,  1802,  p.  203.     (Type  of  genus.) 
piniperda  L.,  Blastophagtis  Eichhoff,  1864,  p.  25.     (Type  of  genus.) 
piniperda  L.,  Myclophilus  Eichhoff,  1878,  p.  400.     (Type  of  genus.) 

Genus  HYLASTES  Erichson. 

Erichson  (1836,  p.  48)  described  the  genus  Ilylastes  to  include 
Bostrichus  ater  Paykull,  Bostrichus  angustatus  Herbst,  etc.,  stating 
that  Bostrichus  ater  Fab.  was  not  a  scolvtid.  Therefore,  since 
Bostrichus  ater  Paykull  is  a  good  species,  it  stands  as  the  type  of  the 
genus  Ilylastes  Erichson,  as  designated  by  Thomson,  1850,  p.  146. 

Genus  CRYPHALUS  Erichson. 

Erichson  (1836,  p.  61)  described  the  genus  Cryphalus  to  include 
Apate  tilix  Panz.,  Apate  fagi  Fab.,  and  Bostrichus  asperatus  Gyll. 
Thomson  (1859,  p.  146)  designated  (Bostrichus)  Cryphalus  asperatus 
Gyll.  as  the  type  and  (p.  147)  referred  Cryphalus  tilise  Panz.  to  his 
monobasic  subgenus  Ernoporus  and  (1865,  p.  360)  Cryphalus  fagi 
Fab.  to  Ernoporus, 

Hypothenemus  Westw.,  1834,  p.  34;  Ernoporus  Thorn.,  1859,  p.  147; 
Trypophlceus  Fairm.,  1868,  p.  105;  Stephanoderes  Eichh.,  1871,  p. 
132,  and  Cryphaloides  Form.,  1908,  p.  91,  are  all  sufficiently  distinct 
from  Cryphalus  Erich,  and  from  one  another  to  stand  as  separate 
and  distinct  genera;  therefore  they  should  not,  in  the  opinion  of  the 
writer,  be  considered  as  subgenera  of  Cryphalus. 

Genus  HYPOTHENEMUS  Westwood. 

Westwood  (1834,  pp.  34,  36,  PI.  VII,  fig.  la  to  h)  described  the 
genus  Hypothenemus  with  erudltus  Westw.  as  the  only  species  and 
mentioned  and  illustrated  a  three-jointed  funicle  of  the  antenna  as 
one  of  the  distinguishing  characters. 

Duvall  (1868,  p.  105,  pi.  33,  fig.  161)  examined  specimens  from  the 
type  series  and  redescribed  and  figured  the  species,  and  referred  to 
the  funicle  as  having  but  three  joints. 

Eichhoff  (1879,  p.  165)  referred  the  genus  Hypothenemus  Westw., 
and    species    eruditus  Westw.   to    synonymy    under    Stephanoderes 
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nriccse  (Hornung,  1842,  p.  117  [not  115])  because  he  found  that  cer- 
tain species  previously  referred  to  Hypothenemus  had  five  joints  in 
the  funicle  of  the  antenna  instead  of  three,  as  designated  by  West- 
wood. 

Fauvel  (1884,  p.  315)  examined  specimens  of  H.  ervditus  Westw. 
from  the  type  series  and  compared  them  with  examples  of  Bostrickus 
boieldieui  Perroud,  1864,  p.  188,  and  B.  ariccsp.  Hornung,  1842,  p.  117. 
identified  by  Eichhoff,  and  concluded  that  all  three  were  identical, 
and  that  Homceocryplialus  Lind.,  1876,  p.  168,  as  represented  by 
Stephanoderes  ehlersi  Eichh.,  was  identical  with  Hypothenemus  Westw. 

Newberry  (1910,  p.  83)  determined  that  the  funicle  had  four 
joints. 

Through  the  kindness  of  Prof.  Poulton,  the  writer  had  the  oppor- 
tunity of  examining  a  specimen  of  H.  eruditus  Westw.  from  the  type 
series,  and  the  funicle  was  found  to  be  four-jointed.  It  is  not  improb- 
able, however,  that  the  antenna  examined  by  Westwood  was  from  a 
male,  which,  in  this  genus,  is  smaller  than  the  female  and  has  but 
three  joints  in  the  funicle.  Therefore  there  can  be  no  doubt  as  to  the 
validity  of  the  genus  Hypothenemus  Westw.  as  distinguished  from 
the  genus  StepJianoderes  Eichh.,  which  has  a  frve-jointed  funicle. 

Genus  POLYGRAPH  U  S  Erichson. 

Erichson  (1836,  p.  57-58)  described  the  genus  Polygraphus,  citing 
Dermestes  polygraphus  L.  (1758,  p.  355)  as  synonymous  with  P. 
pubescent  Fab.  (1792,  p.  368) ;  but  since  P.  polygraphus  L.  has  priority, 
the  genus  stands  with  Dermestes  polygraphus  L.  as  the  type. 

Genus  LEPISOMUS  Kirby. 

Kirby  (1837,  p.  193)  described  Lepisomus  as  a  subgenus  of  ApaU 
Fab.,  including  three  species,  one  of  which,  Apate  {Lepisomus) 
nigriceps,  has  been  referred  to  synonymy  (Lee,  1868,  p.  169)  while 
Apate  (Lepisomus)  brevicornis  is  not  recognizable,  probably  a  synonym. 
Therefore  Apate  (Lepisomus)  rujipennis  Kirby  is  the  type  of  the 
genus  Lepisomus,  which,  on  account  of  the  six-jointed  funicle,  is  a 
good  genus.  For  the  same  reason  Polygraphus  grandiclava  Thorn. 
(1886,  p.  62)  must  also  be  referred  to  this  genus. 

DESCRIPTION  OF  A  NEW  GENUS  AND  SPECIES. 

WEBBIA  n.  gen." 

Antennal  funicle  four-jointed,  the  fourth  broad;  club  narrowed 
from  middle  to  base,  broader  than  long,  with  one  sinuate  chitinous 
suture  on  the  obliquely  truncate  anterior  face,  the  posterior  face 

a  This  genus  and  species  is  described  here  in  order  that  the  subfamily  may  be 
included  in  the  classification. 
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ithout  sutures;  eyes  oblong,  elliptical,  deeply  emarginate;  anterior 
tibia  strongly  narrowed  to  apex,  with  submarginate  row  of  closely 
placed  teeth  on  the  ventral  side;  elytral  declivity  with  many  closely 
placed  marginal  teeth;  lateral  margin  of  pronotum  acute,  anterior 
margin  without  serrations.  Type  of  genus,  Webbia  dipterocarpi  new 
species. 

This  genus  is  named  for  Mr.  J.  L.  Webb  on  account  of  the  large 
number  of  scolytoid  beetles  collected  by  him  during  his  brief  employ- 
ment in  the  Philippine  service. 

Webbia  dipterooarpi  n.  sp. 

Length,  female  type,  3.1  mm.  Subelongate;  pronotum  and  all 
but  the  declivity  of  the  elytra  light  ferruginous,  the  declivity  black. 
Pronotum  with  anterior  area  swollen,  opaque,  nearly  smooth;  apex 
steep,  subtruncate,  and  finely  rugose;  median  and  posterior  areas 
smooth,  subopaque,  and  very  finely  punctured.  Front  moderately 
narrow,  subconvex,  opaque,  with  fine  median  line.  Elytra  to  near 
declivity  smooth,  shining,  with  fine,  closely  placed,  and  confused 
punctures  with  no  trace  of  striae,  narrow,  and  near  vertex  slightly 
swollen,  densely  opaque,  nearly  black;  declivity  steep,  fiat,  opaque; 
interspace  1  elevated,  smooth;  interspaces  2  and  3  each  with  straight 
rows  of  granules;  margin  from  vertex  to  apex  armed  each  side  with 
10  closely  placed  serrations  or  teeth,  becoming  slightly  larger  toward 
apex.  These  teeth  evidently  represent  the  10  interspaces  of  the 
normal  elytra.  Near  Pagbilao,  Philippine  Islands,  in  wood  of  dead 
log  of  Dipterocarpus  grandiforus  Blco.,  August  7,  1903.  J.  L.  Webb, 
collector.     Under  his  number  94c. 

Type. — Cat.  No.  7406,  U.  S.  National  Museum. 

Length,  male  type,  2.6  mm.  Subelongate;  pronotum  slightly 
broader  than  elytra  which  are  narrowed  toward  declivity,  light 
ferruginous  throughout.  Head  narrow,  shining,  with  deep  epis- 
tomal  impression  and  a  slight  posterior  impression.  Pronotum 
opaque,  finely  rugose  throughout,  with  distinct  median  impressed 
shining  line  to  anterior  declivity  which  is  steep  and  strongly  retuse 
to  anterior  margin,  sides  slightly  narrowed  from  anterior  angles  to 
base,  lateral  margins  subobtuse;  elytra  with  sides  slightly  narrowed 
toward  declivity,  shining,  punctured  as  in  female  but  with  striae  evi- 
dent and  faintly  impressed;  declivity  steep,  flat,  opaque,  rugose, 
but  without  elevated  interspaces,  margin  with  but  seven  marginal 
teeth,  coarser  toward  vertex  and  arranged  in  groups  of  3-2-2.  In 
a  lateral  aspect  the  dorsal  line  forms  a  broad  curve  from  the  mandi- 
bles to  the  apex  of  the  abdomen.     From  same  colony  as  the  female. 

The  smaller  size  and  general  appearance  of  the  male  suggests 
affinities  with  the  Xyleborus  group  but  it  is  radically  different  in  all 
of  the  more  important  characters. 
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The  fact  that  specimens  were  collected  in  the  wood  indicates  that 
the  food  habits  are  similar  to  those  of  Crossotarsus  leconte\y  found  in 
the  same  log. 

The  pupa  is  peculiar  in  the  absence  of  caudal  spines,  the  presence 
of  tergal  and  pleural  hairs  instead  of  tubercles,  and  the  length  of  the 
wing-pads,  which  extend  to  the  apex  of  the  abdomen. 

The  larva,  as  shown  by  a  dried  specimen,  appears  to  have  the 
posterior  part  of  the  body  stouter,  then  narrowed  toward  the  apex 
of  the  abdomen. 

PEELIMINAEY  CLASSIFICATION  OF  THE  SUPEEFAMILY 

SCOLYTOIDEA. 

Key  to  the  Families. 
(See  PI.  IX.) 

I.  Anterior  tarsi  with  joint  1  shorter  than  2,  3,  and  4  together. 

A.  Anterior  tibia  without  prominent  process  on  the  outer  apical  angle. 

Family  Ipidse. 

B.  Anterior  tibia  with  prominent  process  on  the  outer  apical  angle. 

al .  Anterior  tibia  without  prominent  rugosities  on  ventral  area. 

Family  Scolytida?. 
a2.  Anterior  tibia  with  prominent  rugosities  on  ventral  area. 

Family  Scoly toplatypxl uhv. 
II.  Anterior  tarsi  with  joint  1  longer  than  2,  3,  and  4  together. 

C.  Anterior  tibia  with  prominent  apical  process  and  with  rugosities  on  the 

ventral  area Family  Platypodida*. 

Family  IPID-ffi. 

Key  to  the  Subfamilies. 

(See  Pis.  X,  XI,  XIII,  XIV.) 

I.  Pronotum  with  anterior  dorsal  area  commonly  rugose;  head  concealed  from  above; 
anterior  tarsi  with  joint  3  simple. 
A.  Abdominal  sternites  5-7  not  strongly  ascending. 

al.  Anterior  tibia  broader  toward  apex  or  serrate  on  outer  margin, 
bl.  Abdominal  sternito  7  with  posterior  margin  always  rounded. 

1.  Subfamily  Cryphalina\ 
b2.  Abdominal  sternito  7  with  posterior  margin  rarely  rounded. 

cl.  Pronotum  and  elytra  clothed  with  scales  or  hairs,  very  rarely 

glabrous 2.  Subfamily  Ipime. 

c2.  Pronotum  and  elytra  without  scales,  commonly  glabrous  or 

sparsely  pubescent 3.  Subfamily  Corthyliiue. 

a2.  Anterior  tibia  not  distinctly  broader  toward  apex  or  not  serrate  on 
outer  margin. 
b3.  Anterior  tibia  not  strongly  narrowed  toward  apex,  apical   tooth 
stout;  antennal  club  compressed;  elytra  with  scales. 

4.  Subfamily  Micracinfe. 
b4.  Anterior  tibia  strongly  narrowed  toward  apex,  apical  tooth  small; 
antennal  club  thickened  at  base,  with  anterior  face  obliquely  trun- 
cate; elytra  with  hairs 5.  Subfamily  Webbinse. 

B.  Abdominal  sternites  5-7  strongly  ascending;  tibia  broadly  compressed,  outer 
margin  serrate 6.  Subfamily  Xyloctonina. 
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II.  Pronotum  with  anterior  dorsal  area  commonly  smooth;  head  exposed  or  rarely- 
concealed  from  above;  tarsi  with  joint  3  pimple  or  bilobed. 

C.  Antennal  club  subglobose,  compressed  to  laminate,  never  conical. 

a3.  Body  slender  to  moderately  stout;  pronotum  longer  than  broad  or  not 

broader  than  long 7.  Subfamily  Crypturginae. 

a4.  Body  stout;  pronotum  always  broader  than  long. 

8.  Subfamily  Phlceotribinse. 

D.  Antennal  club  usually  conical,  rarely  compressed  ..9.  Subfamily  Hylesininae. 

10.  Subfamily  Phloeoborinae. 

Family  SCOLYTIDfi. 

Key  to  the  Subfamilies. 

(See  Pis.  XII,  XV,  XVI.) 

I.  Pronotum  constricted  toward  the  middle;  anterior  tarsi  with  joint  3  simple. 

11.  Subfamily  Cop tonotinae. 
II.  Pronotum  not  constricted  toward  the  middle;  anterior  tarsi  with  joint  3  simple  or 
bilobed. 

A.  Anterior  tibia  with  small  tooth  on  inner  apical  angle  extending  beyond  the 
tarsal  insertion;  tibia  with  at  least  one  tooth  on  the  outer  margin,  in  addition 
to  the  apical  one. 

al.  Eyes  not  divided;  tibia  with  outer  margin  armed. 

bl.  Pronotum  with  transverse  rugosities  on  anterior  area. 

12.  Subfamily  Hexacolinae. 
b2.  Pronotum  without  transverse  rugosities  on  anterior  area. 

13.  Subfamily  Bothrosterninse. 
a2.  Eyes  divided;  tibia  with  outer  margin  unarmed. a 

14.  Subfamily  Hyorrhynchinee. 

B.  Anterior  tibia  with  small  tooth  on  inner  apical  angle  not  extending  beyond  the 
tarsal  insertion. 

a3.  Abdominal  sternum  convex  throughout;  antennal  scape  not  very  shorty 

15.  Subfamily  Camptocerinse. 
a4.  Abdominal  sternum  not  convex  throughout;  antennal  scape  very  short. 

16.  Subfamilv  Scolvtinae. 

Family  SCOLYTOPLATYPODIDfi. 

(See  Pis.  XII,  XVI.) 

Anterior  tibia  with  prominent   lateral  process  at  outer  angle;   third  tarsal  joint 
simple 17.  Subfamily  Scolytoplatypodinse. 

Family  PLATYPODIDfi. 

Key  to  the  Subfamilies. 

(See  Pis.  XII,  XVI.) 

I.  Third  tarsal  joint  simple 18.  Subfamily  Platypodinse. 

II.  Third  tarsal  joint  bilobed 19.  Subfamily  Genyocerinae. 

20.  Subfamily  Chapuisinse. 

°  Uncertain  from  description  whether  or  not  inner  angle  of  anterior  tibia  is  produced 
beyond  the  tarsal  insertion. 
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POSITION  OF  THE  PRINCIPAL  DESCRIBED  GENERA  Iff  TIE 

PRELIMINARY  CLASSIFICATION. 


Family  Ipidse. 

Subfamily  Cryphalinse. 

Cosmoderes  Eichh. 

Cryphalomorphus  Schauff . 

Ilypothenemiis  Westw. 

Stephanoderes  Eichh. 

Ernoporus  Thorns. 

Trypophloeus  Fairm. 

Cryphalops  Reitt. 

Cryphaloides  Form. 

Cryptarthrum  Blndfd. 

Cryphalus  Erich. 

Eidophelus  Eichh. 

Kyrtogenius  Stroh. 

Lepicerus  Eichh. 

Lymantor  L0v. 

Deridroterus  Blndfd. 

Xylocleptes  Ferr. 

Taphrorychns  Eichh. 

Thamnurgus  Eichh. 

Coccotrypes  Eichh. 

Ozopemon  Haged. 

Dryoccetes  Eichh. 

Xylcborus  Eichh. 

Anisandrus  Ferr. 

Eccoptopterus  Motsch. 

Cnestus  Sampson. 
Subfamily  Ipinae. 

Pityophthorus  Eichh. 

Olonthogaster  Motsch. 

Acanthotomicu8  Blndfd. 

Pityogencs  Bedel. 

Ips  De  Geer. 
Subfamily  Corthylina*. 

Metacorthyhcs  Blndfd. 

Monarthrum  Kirsch. 

CosmocoryntLS  Ferr. 

Phthorius  Eichh. 

Anchonocerus  Eichh. 

Glochinocerus  Blndfd. 

Tricolus  Blndfd. 

Amphicranns  Erich. 

Steganocranus  Eichh. 

Corthylus  Erich. 

Brachyspartus  Ferr. 

Gnathotrichus  Eichh. 

Premnobius  Eichh. 

Xyloterus  Erich . 
Subfamily  Micracinse. 

Poecilips  Schaui. 

Thysanoc8  Lee. 


Family  Ipidse — Continued. 

Subfamily  Micracinee — Continued. 

Micracis  Lee. 

Hylocuru8  Eichh. 

Styracopteru8  Blndfd. 

Lipar thrum  Woll. 

Dacryo8tactu8  Schauff. 

Hypoborus  Erich. 

Glochiphorus  Stroh. 

Cactopinus  Schwarz. 
Subfamily  Webbinae. 

Webbia  n.  gen. 
Subfamily  Xyloctoninae. 

Scolytogenes  Eichh. 

Scolytomimu8  Blndfd. 

Scolytodes  Ferr. 

Xyloctonus  Eichh. 

Gtonoxylon  Ilaged. 
Subfamily  Crypturginse. 

Aphanarthrum  Woll. 

Triotemnus  Woll. 

Crypturgus  Eichh. 

Cisurgus  Reitt. 

Dolurgus  Eichh. 

Dendroctonus  Erich. 
Subfamily  Phloeotribinae. 

Phloeophthoru8  Woll. 

EulytoceruA  Blndfd. 

Phlceotribw  Latr. 

Dryotomus  Chap. 

Renocis  Casey. 

Ch&tophlceus  Lee. 

Chramems  Lee. 

Chortastu*  Schauff. 

Carphoborus  Eichh. 

Cladoctonw  Stroh. 

Li&soclastus  Schaui. 

Tiarophorus  Schrein. 

Phrixosoma  Blndfd. 

Lepisomus  Kirby. 

Polygraphus  Erich. 

Spongotarsus  Haged. 
Subfamily  Hylesininse. 

Xylcchinti8  Chap. 

Kmophagus  Chap. 

Hylvurgus  Latr. 

Pachycotes  Sharp. 

Tomicus     Latr.         ( MyebphU^ 
Eichh.) 

Eylastinus  Bedel. 

Scierus  Lee. 
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Family  Ipidse — Continued. 

Subfamily  Hylesaninse — Continued. 

HyUsinus  Fab. 

Pteliobius  Bedel. 

Dendrosinus  Chap. 

Acantkophorus  Stroh. 

Hylurgops  Lee. 

Hylastes  Erich. 
Subfamily  Phlceoborinae. 

Phlceotrupes  Erich. 

Phloeoborus  Erich. 

Dactylipalpu8  Chap. 
Family  Scolytidse. 

Subfamily  Coptonotinae. 

Craniodicticus  Blndfd. 

Microborus  Blndfd. 

Coptonotus  Chap. 
Subfamily  Hexacolinse. 

Erineophilus  Hopk. 

Hexacolus  Erich. 

Epomadius  Blndfd. 

Problechilus  Eichh. 

Aricerus  Blndfd. 

Pycnarthrum  Eichh. 

Prionoceles  Blndfd. 

Rhopalop8elion  Haged. 

Strombophorus  Haged. 

Sphaerotrypes  Blndfd. 

Diamerus  Erich. 

Bothryperus  Haged. 
Subfamily  Bothrosterninse. 

Pagiocerus  Eichh. 

Cnerinus  Lee. 

Meringopalpu8  Haged. 


Family  Scolytidse — Continued. 

Subfamily  Bothrosterninse — Contd. 

Eupagtocenus  Blndfd. 

Bothrosternus  Eichh. 
Subfamily  Camptocerinse. 

Ceratolepis  Chap. 

Cnemony8  Eichh. 

Camptoceru8  Dej. 

Loganiu8  Chap. 
Subfamily  Scolytinse. 

Scolytopsis  Blndfd. 

Scolytus  Geoff. 
Family  Scolytoplatypodidse. 

Subfamily  Scolytoplatypodinse. 

Scolytoplatypu8  Schauff . 

Spongocerus  Blndfd. 

Txniocerus  Blndfd. 
Family  Platypodidae. 

Subfamily  Platypodinse. 

Spathidiceres  Chap. 

Periommatus  Chap. 

Tesseroceru8  Saund. 

Symmerus  Chap. 

Cenocephalus  Chap. 

Mitosoma  Chap. 

Diapus  Chap. 

Cylindropalpu8  Stroh. 

Platypus  Herbst. 

Cros8otar8U8  Chap. 
Subfamily  Genyocerinse. 

Genyocerus  Motsch. 
Subfamily  Chapuisinse. 

Chapuisia  Dugea. 


GENEBA  DESCRIBED  IN  1911-12,  NOT  INCLUDED  IN  FORE- 
GOING LIST,  BUT  HEBE  PBOVISIONALLY  ASSIGNED  TO  THE 
SUBFAMILIES. 

Cyclorhipidion  Hagedorn Cryphalinse. 

XyleboTites  Wickham Do. 

Pseudothamnurgus  Eggers Do. 

Neotomicu8  Fuchs Ipinee. 

Xestips  Hagedorn Do. 

Pityohteines  Fuchs Do. 

TrigoTwgeniu8  Hagedorn Do. 

Allarthrum  Hagedorn Micracinse. 

Acacici8  Lea Hylesininse. 

Hapalogenius  Hagedorn Do. 

Eylesinosoma  Lea Do. 

Chxtophorus  Fuchs Do. 

Fields  Lea Do. 

Minulus  Eggers Hexacolinse. 

Me8oplatypu8  Strohmeyer Platypodinse. 

Notoplatypu8  Lea Do. 
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GENEEA  OF  DOUBTFUL  POSITION. 

Mcsoscolytus  Blndfd.  Styphlosoma  Blndfd. 

Phthorophlceus  Rey.  Acrantw  Broun. 

Hyhscyllus  Schauff.  Inosomus  Broun. 

Dendrotrupes  Broun.  Araptus  Eichh. 
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I.   INTBODUCTION. 

The  anatomy  of  the  honey  bee  has  been  for  years  a  subject  of  much 
interest  to  those  engaged  in  bee  keeping  both  for  pleasure  and  for 
profit.  This  interest  is  due  not  only  to  a  laudable  curiosity  to  know 
more  of  the  bee,  but  to  the  necessity  of  such  information  in  order 
to  understand  fully  what  takes  place  in  the  colony.  All  practical 
manipulations  of  bees  must  depend  on  an  understanding  of  the  be- 
havior and  physiology  of  bees  under  normal  and  abnormal  circum- 
stances, and  those  bee  keepers  who  have  advanced  bee  keeping  most 
by  devising  better  manipulations  are  those,  in  general,  who  know 
most  of  bee  activity.  In  turn,  a  knowledge  of  bee  activity  must  rest 
largely  on  a  knowledge  of  the  structure  of  the  adult  bee. 

Studies  on  the  anatomy  of  the  bee  have  not  been  lacking,  for 
many  good  workers  have  taken  up  this  subject  for  investigation. 
The  popular  demand  for  such  information,  however,  has  induced 
untrained  men  to  write  on  the  subject,  and  most  accounts  of  bee 
anatomy  contain  numerous  errors.  This  is  probably  to  a  greater 
extent  true  of  the  anatomy  of  the  bee  than  of  that  of  any  other 
insect.  Frequently  the  illustrations  used  by  men  not  trained  in 
anatomical  work  are  more  artistic  than  those  usually  found  in  papers 
on  insect  anatomy,  and  they  consequently  bear  the  superficial  marks 
of  careful  work,  but  too  often  it  is  found  that  the  details  are  in- 
accurate. It  has  therefore  seemed  the  right  time  for  a  new  presenta- 
tion of  this  subject  based  on  careful  work. 

The  drawings  given  in  the  present  paper  are  original,  with  the 
exception  of  figures  12,  54,  and  55,  and  have  been  prepared  with 
a  thorough  realization  of  the  need  of  more  accurate  illustrations  of 
the  organs  of  the  bee,  especially  of  the  internal  organs.  Mistakes 
will  possibly  be  found,  but  the  reader  may  be  assured  that  all  the 
parts  drawn  were  seen.  Most  of  the  dissections,  moreover,  were 
verified  by  Dr.  E.  F.  Phillips  and  Dr.  J.  A.  Nelson,  of  this  Bureau, 
before  the  drawings  were  made  from  them.  An  explanation  of  the 
abbreviations  and  lettering  is  given  on  pages  139-147. 

It  is  hoped  that  the  work  will  furnish  the  interested  bee  keeper 
with  better  information  on  the  anatomy  of  the  bee  than  has  hereto- 
fore been  offered  to  him,  that  it  may  provide  a  foundation  for  more 
detailed  work  in  anatomy  and  histology,  and,  finally,  that  it  will  be 
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of  service  to  future  students  of  the  embryology  and  physiology  of 
the  bee.  With  this  last  object  in  view  the  writer  has  tried  to  sum 
up  under  each  heading  the  little  that  is  at  present  known  of  insect 
physiology  in  order  to  bring  out  more  clearly  what  needs  to  be  done 
in  this  subject. 

II.   GENERAL  EXTERNAL  STRUCTURE  OF  INSECTS. 

When  we  think  of  an  animal,  whether  a  bee,  fish,  or  dog,  we  uncon- 
sciously assume  that  it  possesses  organs  which  perform  the  same  vital 
functions  that  we  are  acquainted  with  in  ourselves.  We  know,  for 
example,  that  an  insect  eats  and  that  it  dies  when  starved ;  we  realize 
therefore  that  it  eats  to  maintain  life,  and  we  assume  that  this  involves 
the  possession  of  organs  of  digestion.  We  know  that  most  insects  see, 
smell,  and  perform  coordinated  actions,  and  we  recognize,  therefore, 
that  they  must  have  a  nervous  system.  Their  movements  indicate  to 
us  that  they  possess  muscles.  These  assumptions,  moreover,  are  en- 
tirely correct,  for  it  seems  that  nature  has  only  one  way  of  producing 
and  maintaining  living  beings.  No  matter  how  dissimilar  two 
animals  may  be  in  shape  or  even  in  fundamental  constitution,  their 
life  processes,  nevertheless,  are  essentially  identical.  Corresponding 
organs  may  not  be  the  same  in  appearance  or  action  but  they  accom- 
plish the  same  ends.  The  jaws  may  work  up  and  down  or  they  may 
work  sidewise,  but  in  either  case  they  tear,  crush,  or  chew  the  food 
before  it  is  swallowed.  The  stomach  may  be  of  very  different  shape 
in  two  animals,  but  in  each  it  changes  the  raw  food  into  a  soluble  and 
an  assimilable  condition.  The  blood  may  be  red  or  colorless,  con- 
tained in  tubes  or  not,  but  it  always  serves  to  ^distribute  the  prepared 
food  which  diffuses  into  it  from  the  alimentary  canal.  The  situa- 
tion of  the  central  nervous  system  and  the  arrangement  of  its  parts 
may  be  absolutely  unlike  in  two  organisms,  but  it  regulates  the  func- 
tions of  the  organs  and  coordinates  the  actions  of  the  muscles  just 
the  same. 

Hence,  in  studying  the  honey  bee  we  shall  find,  as  we  naturally 
expect  to  find,  that  it  possesses  mouth  organs  for  taking  up  raw  food, 
an  alimentary  canal  to  digest  it,  salivary  glands  to  furnish  a  digestive 
liquid,  a  contractile  heart  to  keep  the  blood  in  circulation,  a  respira- 
tory system  to  furnish  fresh  oxygen  and  carry  off  waste  gases,  ex- 
cretory organs  for  eliminating  waste  substances  from  the  blood,  a 
nervous  system  to  regulate  and  control  all  the  other  parts,  and,  finally, 
organs  to  produce  the  reproductive  elements  from  which  new  indi- 
viduals are  formed  to  take  the  places  of  those  that  die. 

The  study  of  anatomy  or  the  structure  of  the  organs  themselves 
is  inseparably  connected  with  a  study  of  physiology  or  the  life 
functions  of  the  animal.  While  physiology  is  a  most  interesting 
and  important  subject,  and,  indeed,  in  one  sense  might  be  said  to  be 
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the  object  of  all  anatomical  research,  yet  the  mere  study  of  the 
structure  of  the  organs  alone,  their  wonderful  mechanical  adapta- 
tions, and  their  modifications  in  different  animals  forms  a  most  fasci- 
nating field  in  itself,  and  besides  this  it  gives  us  an  insight  into  the 
blood  relationships  and  degrees  of  kinship  existing  between  the 
multitudes  of  animal  forms  found  in  nature.  In  the  study  of  com- 
parative anatomy  we  are  constantly  surprised  to  find  that  structures 
in  different  animals  which  at  first  sight  appear  to  be  entirely  differ- 
ent are  really  the  same  organs  which  have  been  simply  changed  in 
a  superficial  way  to  serve  some  new  purpose.  For  example,  the 
front  wing  of  a  bee  and  the  hard  shell-like  wing  cover  of  a  beetle  are 
fundamentally  the  same  thing,  both  being  front  wings — that  of  the 
beetle  being  hardened  to  serve  as  a  protection  to  the  hind  wing. 
Again,  the  ovipositor  of  a  katydid  and  the  sting  of  a  bee  are  identical 
in  their  fundamental  structure,  differing  in  details  simply  because 
they  are  used  for  different  purposes.  Hence,  in  the  study  of  anat- 
omy we  must  always  be  alert  to  discover  what  any  special  part  cor- 
responds with  in  related  species.  In  order  to  do  this,  however,  it 
is  often  necessary  to  know  the  development  of  an  organ  in  the 
embryo  or  in  the  young  after  birth  or  after  hatching,  for  many 
complex  parts  in  the  adult  have  very  simple  beginnings  in  an  imma- 
ture stage. 

Thus  it  becomes  evident  that  the  structural  study  of  even  one 
organism  soon  involves  us  in  the  subjects  of  anatomy,  physiology, 
and  embryology,  and,  if  we  add  to  this  a  study  of  its  senses,  its 
"behavior,  and  its  place  in  nature,  the  field  enlarges  without  limit. 
The  student  of  the  honey  bee  realizes  that  a  lifetime  might  be  spent 
in  exploiting  this  one  small  insect. 

The  differences  between  animals  are  much  greater  on  the  outside 
than  on  the  inside.  In  the  descriptions  of  the  organs  of  the  honey  bee 
anyone  will  know  what  is  meant  by  the  "alimentary  canal,"  the 
u  nervous  system,"  or  the  "  respiratory  system,"  but  the  external 
parts  are  so  different  from  those  of  animals  with  which  we  are  more 
familiarly  acquainted  that  no  general  reader  could  be  expected  to 
know  what  is  meant  by  the  names  applied.  Moreover,  the  bee  and  its 
allies  are  so  modified  externally  in  many  ways  that,  at  first  sight, 
their  parts  look  very  different  even  from  those  of  other  insects. 
Hence,  we  shall  give  a  preliminary  account  of  the  external  structure 
of  insects  in  general,  for  it  is  hoped  that  the  reader  will  then  more 
easily  understand  the  special  structure  of  the  honey  bee,  and  that  the 
application  of  the  terms  used  will  appear  more  reasonable  to  him. 

Since  all  animals  originate  in  an  egg,  the  change  into  the  adult 
involves  two  different  processes:  One  is  growth,  which  implies 
merely  an  increase  in  size,  the  addition  of  material  to  material ;  the 
other  is  development,  which  means  change  in  shape  and  the  produc- 
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tion  of  a  form  with  complex  organs  from  the  simple  protoplasmic 
mass  of  the  egg.  The  part  of  development  that  takes  place  in  the 
eggshell  is  known  as  embryonic  development;  that  which  takes  place 
subsequent  to  hutching  is  known  as  postembryonic  development.  In 
insects  there  are  often  two  stages  in  the  postembryonic  development, 
an  active  one  called  the  larval  stage  and  an  inactive  one  called  the 
pupal  stage.  During  the  first  of  these  the  young  insect  is  termed  a 
larva;  during  the  second,  a  pupa.  When  there  is  no  resting  stage  the 
immature  creature  is  often  called  a  nymph.  The  final  and  fully  de- 
veloped form  is  an  adult,  or  imago. 

Since  this  paper  is  to  deal  only  with  the  anatomy  of  the  adult,  the 
attractive  fields  of  embryonic  and  postembryonic  development  must 
be  passed  over,  except  for  a  few  statements  on 
fundamental  embryonic  structure,  a  knowledge 
of  which  is  necessary  to  a  proper  understanding 
of  the  adult  anatomy. 

When  the  embryo,  in  its  course  of  development, 
first  takes  on  a  form  suggestive  of  the  definitive 
insect,  it  consists  of  a  series  of  segments  called 
?iwtameres,  or  somites,  and  shows  no  differentia- 
tion into  head,  thoracic,  and  abdominal  regions. 
Typically,  each  segment  but  the  first  is  provided 
with  a  pair  of  latero-ventral  appendages,  hav- 
ing the  form  of  small  rounded  protuberances. 
These  appendages  are  of  different  sizes  and  take 
on   different   shapes   in   different    parts'  of   the 
body,  for  some  of  them  are  destined  to  form  the 
antenna.',  some  the  mouth  parts,  others  the  legs 
and  perhaps  the  cerci,  while  the  rest  of  them 
FL°rnfrI[i^B"™ci0'iiiB     r6'118'11  verv  small  and  finally  disappear.    What 
i.rvn.  HimwiuK  uikki'k-     we  know  of  the  embryology  of  insects  is  based 
thoTKdi '.'"iiii.i  aiHtoro-     °"  the  observations  of  a  number  of  men  who 
inai  regions,  and  the     have  worked  mostly  on  the  development  of  dif- 
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ferent  species.  I  heir  observations  are  not  all 
nlike,  but  this  is  probably  due  in  large  part  to  the  fact  that  the 
embryos  of  different  insects  are  not  all  alike.  Embryos  have  a  very 
provoking  habit  of  skipping  over  or  omitting  little  and  yet  im- 
portant things  in  their  development,  but  fortunately  they  do  not 
all  omit  the  same  things.  Therefore,  by  putting  together  all  the 
reliable  information  we  possess,  we  can  make  up  an  ideal  embryo 
which  would  be  typical  of  all  insects.  Such  a  generalized  embryo  is 
represented  diagrammatically  by  figure  2. 

The  first  six  or  seven  metameres  very  early  begin  to  unite  with 
one  another  and  continue  to  fuse  until  their  borders  are  lost.  These 
consolidated  embryonic  segments  form  the  head  of  the  adult  insect. 
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Observers  differ  concerning  the  fate  of  the  seventh  segment,  but  it 
is  most  probable  that  a  part  of  it  fuses  with  the  sixth  segment,  thus 
taking  part  in  the  formation  of  the  head,  and  that  a  part  of  it  forms 
the  neck  or  some  of  the  neck  plates  of  the  adult. 

The  appendages  of  these  first  seven  segments  form  the  antennae 
and  mouth  parts,  except  one  or  two  pairs  that  disappear  early  in 
embryonic  life.    It  is  not  certain  that  the  first  segment  ever  possesses 
appendages,  but  from  it  arise  the  large  compound  eyes  and  appar- 
ently also  the  upper  lip,  or  labrum  (Lm).    The  appendages  of  the 
second  segment  form  the  feelers,  or  antennae  (lAnt)  of  the  adult, 
those  of  the  third  (2Ant)  disappear  in  insects,  but  they  correspond 
with  the  second  antennae  of  shrimps  and  lobsters.     The  appendages 
of  the  fourth  segment  form  the  mandibles   (Md).    Those  of  the 
fifth  segment  (Slin),  when  present,  fuse  with-  a  median  tonguelike 
lobe   (Lin)  of  the  following  segment,  and  the  three  constitute  the 
hypopharynx,  or  lingua  of  the  adult.    The  next  pair  (lMx)  form  the 
maxillae,  while  the  last   (2Mx),  or  those  of  the  seventh  segment, 
coalesce  with  each  other  and  constitute  the  adult  labium,  or  lower  lip. 
The  bodies  of  the  head  metameres  fuse  so  completely  that  it  is 
impossible  to  say  positively  what  parts  of  the  adult  head  are  formed 
from  each.    The  last,  as  already  stated,  possibly  takes  part  in  the 
formation  of  both  the  head  and  the  neck.    Some  embryologists  at- 
tribute the  plates  which  usually  occur  in  this  region  to  the  last  em- 
bryonic head  segment,  while  others  believe  they  come  from  the  next 
segment  following.     Sometimes  these  plates  are  so  well  developed 
that  they  appear  to  constitute  a  separate  segment  in  the  adult,  and 
this  has  been  called  the  microthorax.    If  this  name,  however,  is 
given  to  the  embryonic  segment  from  which  these  plates  are  said  to 
be  derived,  it  must  be  remembered  that  it  is  not  "  thoracic  "  at  all 
and  belongs  partly  to  the  head.     The  name  cervicum  has  been  ap- 
plied to  the  neck  region  with  greater  appropriateness  since  it  does 
not  imply  any  doubtful  affiliation  with  adjoining  regions.     What 
we  really  need,  however,  is  not  so  much  a  name  as  more  information 
concerning  the  development  of  the  rear  part  of  the  head  and  the 
neck  plates  in  different  insects. 

The  next  three  segments  remain  distinct  throughout  life  in  nearly 
all  insects,  but,  since  they  bear  the  legs  and  the  wings,  they  become 
highly  specialized  and  together  constitute  the  thorax.  The  indi- 
vidual segments  are  designated  the  prothorax,  the  mesothorax,  and 
the  metathorax.  The  legs  are  formed  from  the  embryonic  ap- 
pendages (fig.  2,  i£,  2L,  SL)  of  these  segments,  but  the  wings  are 
secondary  outgrowths  from  the  mesothorax  and  metathorax  and 
are,  hence,  not  appendages  in  the  strict  embryological  sense. 

The  remaining  segments,  nearly  always  10  in  number,  constitute 
the  abdomen,    The  appendages  of  these  segments,  except  possibly 
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those  of  the  tenth,  disappear  early  in  embryonic  life  in  all  insects, 
except  some  of  the  very  lowest  species,  in  which  they  are  said  to  form 
certain  small  appendages  of  the  abdominal  segments  in  the  adults. 

An  adult  insect  is  often  described  as  being  "  divided  "  into  a  head,  a 
thorax,  and  an  abdomen,  but  this  is  not  true  in  most  cases.  While  all 
insects  consist  of  these  parts,  the  divisions  of  the  body  are  usually 
not  coincident  with  them.  The  prothorax  in  the  adult  is  separated 
from  the  head  by  the  neck  and  is  very  commonly  separated  from  the 
mesothorax  by  a  flexible  membranous  area.  On  the  other  hand,  the 
mesothorax  and  metathorax  are  almost  always  much  more  solidly  at- 
tached to  each  other,  while,  in  most  insects,  the  metathorax  is  solidly 
and  widely  joined  to  the  first  abdominal  segment,  though  in  the  flies 
these  latter  two  segments  are  usually  separated  by  a  constriction.  In 
such  insects  as  ants,  wasps,  and  bees  a  slender,  necklike  peduncle 
occurs  between  the  first  and  second  segments  of  the  abdomen,  the 
first  being  fused  into  the  metathorax  so  that  it  appears  to  be  a  part 
of  the  thorax.  This  is  the  most  distinctive  character  of  the  order 
Hymenoptera,  to  which  these  insects  belong. 

The  body  wall  of  insects  is  hard  on  account  of  the  thick  layer  of 
chitin  which  exists  on  the  outer  side  of  the  true  skin.  Chitin  is  a  sub- 
stance similar  to  horn,  being  brittle,  though  tough  and  elastic.  It 
gives  form  and  rigidity  k)  the  body  and  affords  a  solid  attachment  for 
the  muscles  within,  since  insects  have  no  internal  framework  of  bones 
such  as  vertebrate  animals  have.  The  skin  between  the  segments  is 
soft  and  unchitinized  and  thus  forms  a  flexible  intersegmental  mem- 
brane which  is  often  very  ample  and,  in  the  abdomen,  allows  each  seg- 
ment to  telescope  into  the  one  in  front  of  it. 

The  chitin  of  each  segment  is  not  continuous,  but  is  divided  into 
plates  called  sclerites.  The  most  important  of  these  are  a  tergum 
above  and  a  sternum  below,  but,  in  the  case  of  the  thorax,  these  two 
plates  are  separated  on  each  side  by  another  called  the  pleurum,  which 
lies  between  the  base  of  the  wing  and  the  base  of  the  leg.  Pleural 
plates  are  sometimes  present  also  on  the  abdominal  segments.  These 
principal  segmental  plates  are  usually  separated  by  membranous 
lines  or  spaces,  which  permit  of  more  or  less  motion  between  them. 
Such  lines  are  called  sutures  in  entomology,  though  strictly  this  term 
should  be  applied  only  to  the  lines  of  fusion  between  adjoining  parts. 

The  terga,  pleura,  and  sterna  of  each  segment  are  furthermore 
subdivided  into  smaller  sclerites,  which  may  be  termed  tergites,  pleu- 
rites,  and  stemites,  respectively.  The  sutures  between  them  are 
sometimes  membranous  also,  but  most  frequently  have  the  form  of 
impressed  lines  or  narrow  grooves.  In  such  cases  they  are  generally 
nothing  more  than  the  external  marks  of  ridges  developed  on  the 
inside  of  the  body  wall  to  strengthen  the  parts  or  to  give  attachment 
to  muscles.     Since  these  sutures  are  conspicuous  marks  on  the  outside 
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of  an  insect,  they  are  usually  regarded  as  morphologically  impor- 
tant things  in  themselves,  representing  a  tendency  of  the  tergum,  pleu- 
rum,  or  sternum  to  separate  into  smaller  plates  for  some  reason.  The 
truth  about  them  would  appear  to  be  just  the  opposite  in  most  cases — 
they  are  the  unavoidable  external  marks  of  an  internal  thickening 
and  strengthening  of  the  plates.  In  a  few  cases  they  may  be  the 
confluent  edges  of  separate  centers  of  chitinization.  Hence,  most  of 
the  sutural  lines  in  insects  appear  to  signify  a  bracing  or  solidifying 
of  the  body  wall  rather  than  a  division  of  it. 

Since  the  body  wall  of  insects  is  continuous  over  all  the  surface  it 
contains  no  articulations  of  the  sort  that  occur  between  the  bones  in 
the  skeleton  of  a  vertebrate.  Although  insects  and  their  allies  be- 
long to  the  class  of  animals  known  as  the  Articulata,  yet  an  articu- 
late articulation  is  simply  a  flexibility — two  chitinous  parts  of  the 
exoskeleton  are  movable  upon  each  other  simply  by  the  intervention 
of  a  nonchitinized,  flexible,  membranous  part.  While  there  are  often 
special  ball-and-socket  joints  developed,  these  are  always  produced 
on  the  outside  of  the  membranous  hinge  and  simply  control  or  limit 
the  movement  of  the  articulation. 

The  head  of  an  adult  insect  is  a  thin-walled  capsule  containing  the 
brain,  the  ventral  head  ganglion  of  the  nervous  system,  the  pharynx 
and  anterior  part  of  the  oesophagus,  the  tracheal  tubes,  and  the 
muscles  that  move  the  antennae  and  the  mouth  parts.  Its  shape  varies 
a  great  deal  in  different  insects,  being  oval,  globular,  elongate,  or 
triangular.  In  some  it  is  flattened  dorso- vent  rally  so  that  the  face  is 
directed  upward  and  the  mouth  forward,  but  in  most,  including 
the  bee,  it  is  flattened  antero-posteriorly  so  that  the  face  looks  for- 
ward and  the  mouth  is  directed  ventrally.  In  a  few  it  is  turned  so 
that  the  face  is  ventral.  The  walls  of  the  head  are  usually  divided 
by  sutures  into  a  number  of  sclerites,  which  in  general  are  located 
and  named  as  follows:  The  movable  transverse  flap  forming  the 
upper  lip  is  the  labrum.  Above  it  is  a  sclerite  called  the  clypeus, 
which  is  a  part  of  the  solid  wall  of  the  head  and  carries  the  anterior 
articulations  of  the  mandibles.  The  clypeus  is  sometimes  divided 
transversely  into  an  anteclypeus  ("  clypeus  anterior,"  "  epistoma ") 
and  into  a  posUclypeus  ("clypeus  posterior  v>).  Above  the  clypeus 
is  the  front,  a  plate  usually  occupying  the  upper  half  of  the  face 
between  the  compound  eyes  and  carrying  the  antennae.  The  top  of 
the  head  is  called  the  vertex,  but  does  not  constitute  a  separate  scle- 
rite. The  sides  of  the  head  below  the  compound  eyes  are  often  sepa- 
rated by  sutures  from  the  anterior  and  posterior  surfaces  and  are 
known  as  the  gence.  The  back  of  the  head  is  formed  by  the  occiput, 
which  surrounds  the  large  opening  or  foramen  magnum  that  leads 
from  the  cavity  of  the  head  into  that  of  the  neck.  The  parts  pos- 
terior to  the  genae,  carrying  the  posterior  mandibular  articulations, 
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are  sometimes  separated  from  both  the  occiput  and  the  genae  and  are 
known  as  the  postgena*.  In  a  few  insects,  especially  beetles,  one  or 
two  median  plates  occur  in  the  ventral  wall  of  the  head  posterior  to 
the  base  of  the  labium.  These  are  the  gular  sclerites.  Finally,  small 
plates  are  sometimes  found  about  the  bases  of  the  antennae  and  be- 
tween the  bases  of  the  mandibles  and  the  genae.  The  latter  have 
been  termed  the  trochantim  of  the  mandibles.  The  term  epteraniutn 
is  often  used  to  include  all  the  immovable  parts  of  the  head,  but  is 
frequently  applied  only  to  the  dorsal  parts.  Most  of  these  sclerites 
preserve  a  pretty  definite  arrangement  in  the  different  orders,  and 
they  are  probably  homologous  throughout  the  entire  insect  series, 
though  they  are  in  some  cases  very  much  distorted  by  special  modi- 
fications and  are  often  in  part  or  wholly  obliterated  by  the  disap- 
pearance of  the  sutures.  Embryologists  are  coming  to  the  conclu- 
sion that  the  sclerites  of  the  head  have  no  relation  to  the  primitive 
segments.  The  latter  very  early  consolidate  into  a  head  with  a  con- 
tinuous wall,  while  the  sutures  defining  the  sclerites  are  formed 
later.  Some  of  the  older  entomologists  were  led,  from  a  study  of 
the  sclerites,  to  suppose  that  the  head  consisted  of  a  number  of  seg- 
ments, but  it  has  been  shown  that  these  anatomical  segments  do  not 
correspond  with  the  embryonic  ones. 

The  appendages  growing  from  the  front  of  the  face  are  the 
antennae  (fig.  9A,  Ant)  or  "  feelers  "  and  consist  of  a  series  of  joints 
or  segments. 

At  the  lower  edge  of  the  face  is  the  front  lip  or  labrum  (fig.  9 A, 
Im),  behind  which  are  the  median  epipharynx,  the  paired  mandibles 
{Md)  and  maxillae,  the  median  hypopharynx.  and  the  labium  or  under 
lip.  All  these  organs  together  constitute  what  are  known  as  the 
month  parts  or  tropin.  They  vary  greatly  in  shape  and  appearance 
in  different  insects  according  to  the  nature  of  the  food,  but  their 
typical  form  is  usually  taken  to  be  that  shown  by  the  lower  insects 
which  feed  on  solid  food  and  have  biting  mouth  parts.  Figure  3. 
representing  the  jaws  and  lips  of  the  common  black  cricket,  is  given 
as  an  example  of  generalized  insect  mouth  parts. 

The  labrum  (fig.  9A,  Lm)  is  usually  a  simple  transverse  flap  in  front 
of  the  mouth,  being  developed,  as  already  shown,  from  a  similarly 
situated  lobe  on  the  first  segment  of  the  embryo  (fig.  2,  Lm). 

The  epipharynx  (fig.  19,  Kphy)  is  a  sort  of  dorsal  tongue,  and  is 
situated  on  the  membrane  leading  into  the  mouth  from  behind  the 
labrum. 

The  mandibles  (figs.  3A;  9 A,  Md)  are  typically  formed  for 
biting,  being  heavy  organs  situated  immediately  behind  the  labrum 
and  working  sidewise  on  a  hinge  articulation  with  the  head.  Their 
cutting  edges  are  usually  notched  and  toothed,  though  smooth  in  the 
worker  bee. 
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The  maxillse  (fig.  3  B  and  B)  are  complicated  appendages  in  their 
typical  form.  Each  consists  of  a  principal  piece  called  the  stipes  (St) , 
which  is  hinged  to  the  head  by  means  of  a  smaller  basal  piece,  the 
cardo  (Cd).  Terminally  the  stipes  bears  an  outer  lobe,  the  galea 
(Ga),  and  an  inner  lobe,  the  lacinia  (Lc).  On  the  outer  side,  at  the 
base  of  the  galea,  it  carries  a  jointed  appendage  called  the  maxillary 

palpus  (Pip)- 

The  hypopharynx  (fig.  3  C  and  D,  Hphy)  is  a  median,  ventral, 
tonguelike  organ,  called  also  the  lingua,  situated  either  on  the  upper 
surface  of  the  labium  or  on  the  membrane  between  this  organ  and  the 
mouth.  It  is  de- 
veloped principally 
from  a  median  lobe 
of  the  head  of  the 
embryo  behind  the 
mouth  (fig.  2,  Lin), 
but  some  entomol- 
ogists claim  that  it 
is  compounded  of 
this  lobe  and  two 
smaller  lateral  ones 
developed  from  the 
appendages  of  the 
fifth  embryonic 
head  segment  (fig. 
2,  Slin) ,  the  super- 
linguce. 

The  labium  (fig. 
3  C  and  D)  consti- 
tutes the  under  lip 
of  the  adult,  but  it 
is  formed  from  the 
two  appendages  of 
the  seventh  segment  in  the  embryo,  which  fuse  with  each  other.  For 
this  reason  it  is  often  called  the  second  maxillce.  It  consists  of  a  basal 
submentum  (Smt)  bearing  the  mentum  (Mt),  which  in  turn  carries 
three  parts,  a  median  ligula  (Lg)  and  two  lateral  palpigers  (Pig). 
The  latter  support  the  labial  palpi  (Pip),  while  the  ligula  bears  four 
terminal  lobes,  of  which  the  median  ones  are  called  the  glossce  (Gls) 
and  the  lateral  ones  the  paraglossia  (Pgl).  If  we  should  cut  the 
labium  into  two  parts  along  its  midline  we  should  see  that  even  in 
the  adult  stage  each  half  is  very  similar  to  one  maxilla.  The  only 
discrepancy  to  be  noticed  in  the  example  given  (fig.  3)  is  that  there 
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Fig.  3. — Example  of  generalized  insect  mouth  parts,  from 
common  black  cricket  (Gryllu*  pcnnsylv aniens)  :  A,  man- 
dibles ;  B,  B,  maxillae,  ventral  view ;  C,  labium  or  second 
maxillae,  ventral  view ;  D,  labium,  lateral  view. 
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is  no  maxillary  palpiger,  but  many  insects  possess  a  corresponding 
part  in  the  maxilla,  frequently  distinguished  as  the  palpi  fer. 

The  neck  or  cervicum  is  usually  a  short  membranous  cylinder  which 
allows  the  head  great  freedom  of  motion  upon  the  thorax.  In  nearly- 
all  insects  its  lateral  walls  contain  several  small  plates,  the  cervical 
arterites,  while,  in  many  of  the  lower  species,  dorsal,  ventral,  and 
lateral  sclerites  are  present  and  highly  developed.  As  already  stated, 
the  origin  of  these  plates  is  doubtful.  Some  entomologists  would 
derive  them  from  the  prothorax,  others  think  they  come  from  the 
last  head  segment,  while  still  others  think  that  they  represent  a 
separate  segment.  Only  pure  anatomists,  however,  entertain  this 
last  view  and  call  this  supposed  segment  the  "  microthorax,"  for 
embryologists  have  not  yet  reported  a  metamere  between  the  labial 
segment  and  the  prothoracic  segment.  Most  embryologists  who  have 
studied  the  subject  admit  that  some  of  the  cervical  sclerites  may  be 
formed  from  the  last  embrvonic  head  somite  which  carries  the  labium 
and  probably  forms  a  part  of  the  back  of  the  head.  Therefore,  if 
it  is  desirable  to  retain  the  word  microthorajp  as  a  name  for  a  true 
segment,  it  can  be  applied  only  to  this  labial  metamere.0 

The  thorax,  as  has  already  been  stated,  is  a  distinct  anatomical 
region  of  the  body  rather  than  a  "  division  "  of  the  body,  since  it  car- 
ries both  the  legs  and  the  wings  and  contains  the  large  muscles  for 
each.  Since  the  prothorax  does  not  possess  wings,  it  is  not  so  highly 
developed  otherwise  as  the  two  wing-bearing  segments,  and  is,  indeed, 
generally  reduced  in  some  ways,  some  of  its  parts  being  frequently 
rudimentary.  Therefore  we  shall  base  the  following  description  of 
a  typical  segment  on  the  structure  of  the  wing-bearing  segments. 

A  typical  thoracic  segment,  then,  presents  four  surfaces,  as  does  also 
the  entire  bod  v.  These  are  a  dorsum  above,  a  venter  below,  and  a 
latus 6  on  each  side.     From  these  names  we  have  the  terms  "  dorsal," 

°In  a  former  paper  on  the  thorax  of  insects  (Proc.  U.  S.  Nat.  MusM  XXXVI, 
1909,  pp.  511-595)  the  writer  probably  drew  a  too  definite  conclusion  on  the 
subject  of  the  "  microthorax."  The  origin  of  the  neck  sclerites  has  probably 
never  yet  been  actually  observed.  Coinstock  and  Kochi  (Ainer.  Nat.,  XXX VI, 
1902,  pp.  13-45),  in  summarizing  the  segmentation  of  the  head,  accredited 
the  gular  and  cervical  sclerites  to  the  labial  segment,  but  did  not  recognize  the 
latter  as  taking  part  in  the  formation  of  the  true  head  capsule.  Riley,  how- 
ever, in  his  study  of  the  development  of  the  head  of  a  cockroach  (Amer.  Nat., 
XXXVIII,  19(M,  pp.  777-810),  states  that  in  Blatta  the  labial  segment  does 
form  a  part  of  the  back  of  the  head  and  that  the  posterior  arms  of  the 
tentorium  are  derived  from  it.  Bonier  (Zool.  Anz.,  XXVI,  1903,  pp.  290-315) 
and  Crampton  (Proc.  Acad.  Nat.  Sci.  Phiia.,  1909.  pp.  3-54)  believe  that  the 
cervical  sclerites  are  derived  principally  from  the  prothoracic  segment.  The 
notion  that  they  constitute  a  separate  segment,  the  "  microthorax,'"  equivalent 
to  the  maxilliped  segment  of  the  centipedes,  has  been  elaborated  principally 
by  Verhoeff  in  his  numerous  writings  on  the  Ohilopoda  and  Dermaptera. 

5  The  writer  introduces  this  word  here  because  he  knows  of  no  other  term 
applied  to  the  side  of  the  segment  in  this  sense. 
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ventral,"  and  "lateral."  The  chitinous  parts  of  the  dorsum  con- 
stitute the  tergum;  of  the  venter,  the  sternum;  and  of  the  latus,  the 
pleurum. 

The  tergum  of  the  wing- bearing  segments  usually  consists  of 
two  plates — a  front  one  or  true  notum  (fig.  4,  N)  carrying 
the  wings,  and  a  posterior  one,  which  the  writer  has  termed  the 
postnotum  or  p8eudonotum  (PN),  having  no  connection  with  the 
wings.  The  first  is  often  more  or  less  distinctly  marked  into  three 
transverse  parts  called  the  prescutum  (Psc),  scutum  (Set),  and  scu- 
tellum  (Scl).  In  such  cases  the  exposed  part  of  the  postnotum  is 
called  the  postscutellum  (Pscl).  From  either  the  anterior  or  the  pos- 
terior margin  of  the  tergum,  or  from 
both,  a  thin  transverse  plate  projects 
downward  into  the  interior  of  the 
thorax  for  the  attachment  of  muscles. 
These  plates  are  the  pkragmas  (Aph 
and  Pph).  The  notum  supports  the 
wing  on  each  side  by  two  small  lobes, 
the  anterior  and  posterior  notal  icing 
processes  (ANP  and  PNP).  Behind 
the  latter  is  the  attachment  of  the 
axillary  cord  (AxC)  or  basal  ligament 
of  the  wing.  A  large  V-shaped  ridge 
on  the  under  surface  of  the  notum  hav- 
ing its  apex  forward  is  the  "  entodor- 
sum."  (A  better  name  would  be 
entotergum.) 

The  pleurum  consists  principally  of 
two  plates,  the  episternum  (fig.  4,  Eps) 
and  the  epimerum  (Epm)  lying  before 
and  behind  a  vertical  groove,  the  pleural  suture  (PS),  which  extends 
from  the  pleural  coxal  process  (CxP)  below  to  the  pleural  wing 
process  (WP)  above.  The  pleural  suture  marks  the  position  of  a 
heavy  internal  ridge,  the  pleural  ridge  or  entopleurum.  The  epi- 
merum is  connected  with  the  postnotum  (PN)  behind  the  base  of  the 
wing.  These  parts  occur  in  almost  all  insects.  In  some  of  the  lower 
ones  another  plate  is  present  in  'front  of  the  episternum  which  may 
be  called  the  preepisternum  (Peps).a    Lying  along  the  upper  edge  of 

a  Objection  may  be  made  to  the  use  of  the  term  "  preepisternum "  on  the 
ground  that  it  combines  a  Latin  prefix  with  a  word  compounded  of  Greek  ele- 
ments. The  same  may  be  urged  against  "  prephragma,"  "  postphragma,"  "  pre- 
paraptera,"  and  "  postparaptera,"  words  introduced  by  the  present  writer  in  a 
former  paper  on  the  thorax  (Proc.  U.  S.  Nat.  Mus.,  XXXVI,  1909,  pp.  511-595). 
However,  we  are  barred  from  making  up  equivalent  terms  with  the  Greek  pre- 
fixes pro  and  rneta  because  these  are  used  to  designate  the  first  and  the  third 
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Fig.  4. — Diagram  of  generalized 

thoracic  segment,  left  side. 
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the  pleurum  and  associated  with  the  under  surface  of  the  wing  base 
are  several  small  plates  known  as  the  paraptera  (P).a  Two  lie  above 
the  episternum  in  front  of  the  pleural  wing  process  and  are  the 
epistemal  paraptera  or  preparaptera  (IP  and  2P)^  while  one  or 
occasionally  two  are  similarly  situated  behind  the  wing  processes 
and  are  the  epimeral  paraptera  or  postparaptera  (3P  and  4P).  The 
preparaptera  afford  insertion  for  the  muscle  concerned  in  the  exten- 
sion and  pronation  of  the  wing. 

The  coxa  (Cx),  or  basal  segment  of  the  leg,  is  hinged  to  the  seg- 
ment by  a  dorsal  articulation  with  the  pleural  coxal  process  (CxP), 
and  by  a  ventral  articulation  (TnC)  with  a  plate  called  the  trockan- 
tin  (Tn)  lying  in  front  of  it  and  connected  above  with  the  lower 
end  of  the  episternum  (Eps).  Hence,  while  the  leg  is  of  course  con- 
tinuous all  around  its  base,  by  means  of  membrane,  with  the  body- 
wall,  its  movement  is  limited  to  a  hinge  motion  by  these  two  special 
articulations  of  the  chitin. 

The  sternum  or  ventral  plate  of  the  segment  is  not  so  complicated  as 
are  the  tergum  and  pleurum.  *It  is  often  divided  transversely  into 
three  parts,  however,  and  some  authors  say  typically  into  four.  These 
parts  have  been  named  the  presternum  (Ps),  sternum  proper  (£), 

segments  of  the  thorax  or  their  respective  parts.  Entomologists  have  already 
established  the  system  of  referring  a  part  to  the  front  or  back  of  any  individual 
segment  by  the  Latin  prefixes  pre  (or  prw)  and  post  as  used  in  "  prescntum," 
*'  presternum,"  "  postscutellum,"  and  "  poststernellum."  Furthermore,  pre  and 
post  are  so  indiscriminately  used  in  English  combined  with  Latin,  Greek,  and 
even  Anglo-Saxon  words  that  they  may  be  regarded  as  general  property. 
Hence,  in  order  not  to  sacrifice  an  anatomical  system,  which  certainly  needs 
to  be  fostered  in  every  way,  the  writer  has  preferred  to  sacrifice  strict  gram- 
matical rules  by  applying  pre  and  post,  regardless  of  the  origin  of  the  noun 
in  the  case,  to  designate  anterior  and  posterior  parts  of  the  same  segment  We 
already  use  such  hybrid  terms  as  "  presternum,"  "  mesotergum,"  and  "  meta- 
tergum." 

The  name  *' preepisternum "  has  been  applied  by  Hopkins  (Bui.  17,  Pt.  I, 
technical  series,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1909)  to  a  part  of  the  mesepister- 
num  of  Dendroctonus — a  plate  apparently  not  homologous  with  the  preepisternal 
element  of  the  thorax  in  primitive  insects. 

°The  name  "  parapterum  "  is  taken  from  Audouin's  term  parapttre  (Ann. 
des  Sci.  Nat.,  I,  1824,  pp.  97-135,  416-432),  and  its  application,  as  used  by  the 
present  writer,  is  based  on  Audouin's  definition  given  in  his  Chapter  III, 
"  Considerationes  generales  sur  le  Thorax'''  where  he  says  (p.  122)  :  "Finally 
there  exists  a  piece  but  little  developed  and  seldom  observed,  connected  with 
both  the  episternum  and  the  wing.  It  is  always  supported  by  the  episternum 
and  is  sometimes  prolonged  ventrally  along  its  anterior  margin,  or  again, 
becoming  free,  passes  in  front  of  the  wing  and  may  even  come  to  lie  above 
the  base  of  the  latter.  At  first  we  designated  this  sclerlte  by  the  name  of 
Hypoptere  but  on  account  of  its  change  of  position  relative  to  the  wing  base 
we  now  prefer  the  name  of  PARAPTfcBE."  The  first  part  of  his  description  leaves 
no  doubt  that  Audouin  referred  to  the  little  pleural  plate  beneath  the  front 
of  the  wing  which  is  usually  very  inconspicuous  except  in  carefully  dissected 
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8terneUum  (SI),  and  poststernellum  (Psl).  In  some  of  the  lower 
insects  a  plate  (x)  occurs  at  each  side  of  the  presternum  or  of  the 
sternum  which  seems  to  fall  in  line  with  the  preepisternum  of  the 
pleurum.  This  has  been  variously  called  a  part  of  the  presternum, 
the  coxostemum,  an  accessory  sternal  plate,  and  the  sternal  laterale. 
The  inner  surface  of  the 
sternum  carries  a  large 
two- pronged  process 
called  the  furca  or  ento- 
sternum. 

This  plan  of  structure 
for  the  mesothorax  and 
the  metathorax  prevails 
throughout  all  insects. 
The  honey  bee  probably 

presents  the  greatest  de-  e«p 

parture  from  it,  but  even  F,°  B-T"1"1  ,M«*  le* 

here  the  modification  consists  principally  of  a  suppression  of  the 
sutures  of  the  pleurum  resulting  from  a  condensation  of  the  parts. 

The  leg  (iig.  5)  of  an  adult  insect  consists  of  a  number  of  joints 
or  segments.    It  is  attached  to  the  body,  as  just  described,  by  a  thick 

specimens.  In  such  preparations,  however,  one  finds  that  there  are  in  most 
cases  two  sclerltes  here  instead  of  one,  and,  furthermore,  that  one  or  occa- 
sionally two  others  are  similarly  situated  beueath  the  rear  part  of  the  wing 
base  behind  the  pleural  wing  process.  The  present  writer  has,  therefore, 
made  the  term  **  paraptera  "  cover  this  whole  row  of  little  plates,  distinguish- 
ing those  before  and  those  behind  the  pleural  wing  process  by  the  designations 
given  above. 

In  the  latter  part  of  Audouin's  definition  it  would  seem  that  he  may  have 
confused  the  rudimentary  tegula  as  it  exists  in  some  insects  with  the  parapte- 
rum, but  even  this  is  not  probable  since  he  says  it  is  always  connected  with 
the  episternum,  which  is  never  true  of  the  tegula.  In  his  description  of  the 
thorax  of  beetles,  Dytisvus,  Carabus,  Buprestis,  and  Curculio,  it  is  evident 
that  he  regards  the  anterior  up]>er  part  of  the  episternum  as  the  parapterum 
fused  with  the  latter  plate.  In  fact,  in  each  case  he  definitely  states  that  such 
is  the  case  and,  in  describing  Dytiscus  circumflex  us,  he  says  (p.  420)  :  "The 
episternum,  the  parapterum,  and  the  epimerum  all  fuse  dorsally  and  constitute 
a  support  for  the  wings  and  tergum."  While  Audouin  is  undoubtedly  mis- 
taken in  this  homology,  especially  in  the  mesothorax,  he  at  least  shows  that 
his  "  paraptere "  is  a  part  of  the  pleurum.  Hence  modern  writers  such  as 
Packard  and  Folsom  who  make  the  term  "  paraptera "  synonymous  with 
"tegula*"  are  certainly  wrong.  The  tegula  is  a  dorsal  scale  or  Its  rudiment 
at  the  humeral  angle  of  the  wing,  while  the  parapterum  is  a  co-existent  scle- 
rite  below  this  part  of  the  wing  base.  The  present  writer  agrees  with  Comstock 
and  Kellogg,  who,  in  their  Elements  of  Insect  Anatomy  (first  edition),  define 
the  little  sclerite  in  front  of  the  base  of  the  wing  in  the  locust,  articulated  to 
the  dorsal  extremity  of  the  episternum,  as  the  "  parapteron,"  though  in  this 
insect  there  are  here  really  two  of  these  parapteral  plates  instead  of  one. 
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basal  joint  called  the  coxa  (Ox).  Beyond  this  is  a  smaller  joint 
called  the  trochanter  (TV),  this  is  followed  by  a  long  and  strong 
.segment,  the  femur  (F),  which  extends  outward  from  the  body,  while 
bending  downward  from  its  distal  end  is  the  long  and  slender  tibia 
(Tb),  followed  finally  by  the  foot,  or  tarsus  (Tar).  The  tarsus  itself 
consists  typically  of  five  small  segments  of  which  the  last  bears  a  pair 
of  claws  (Cla).  The  under  surfaces  of  the  tarsal  joints  are  often 
provided  with  small  cushions  or  pads  called  pulrilli.  Those  between 
the  claws  are  generally  specially  prominent  and  are  called  the 
em  podia  (Emp).  The  leg  varies  greatly  in  shape  in  different  in- 
sects but  usually  preserves  all  of  these  parts.  The  segments  of  the 
tarsus,  however,  are  frequently  reduced  in  number. 

The  adult  wing  is  a  thin  expanse  of  membrane  supported  by  hollow 
branching  rods  called  reins.  It  originates  as  a  hollow  outgrowth  of 
the  body-wall,  but  soon  becomes  flattened  out  dorso-  vent  rally  and  the 


Fig.  6. — Diagram  of  generalized  insect  wing  and   Its  articulation   to  first  plate    (A)    of 

the  tergum. 

contained  trachea?  or  air  tubes  mark  out  the  courses  of  the  veins. 
These  veins  form  various  patterns  in  different  insects,  but  they  can  all 
be  derived  by  modification  from  one  fundamental  plan.  This  plan  is 
shown  diagrammatically  by  figure  6.  The  first  vein,  which  usually 
forms  the  anterior  margin  of  the  adult  wing,  is  the  cost  a  (C).  The 
next  vein  is  the  subcosta  (Sc),  which  in  typical  cases  divides  into 
two  branches  (S<\  and  Sc,).  The  third  and  usually  the  principal 
vein  is  the  radius  (R).  It  divides  dichotomously  into  five  branches 
(RY  to  7?5),  the  anterior  branch  of  the  first  fork  remaining  single. 
The  next  vein  is  the  media  (J/),  which  forms  four  branches  (Mx  to 
J/4).  The  fifth  is  the  cubitus-  (Cu),  which  again  is  two-branched. 
The  remaining  veins  are  called  the  anals  and  are  designated  indi- 
vidually as  the  first  anal  (1A),  second  anal  (2A),  etc 

Several  cross- reins  of  common  recurrence  should  be  noted.  The 
first  is  situated  near  the  base  of  the  wing  between  the  costal  and 
subcostal  veins  and  is  known  as  the  humeral  cross-vein.     A  second 
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occurs  between  the  radius  and  the  media  near  the  center  of  the  wing 
and  is  called  the  radio-medial  cross- vein.  Another  one,  the  medio- 
cubital,  is  similarly  located  between  the  media  and  the  cubitus, 
while  a  fourth,  called  the  median,  occurs  between  the  second  and 
third  branches  of  the  media.  The  areas  of  the  wing  surface  inclosed 
by  the  veins,  the  cross-veins,  and  the  margins  of  the  wing  are  known 
as  the  cells. 

A  great  many  different  names  are  applied  by  different  entomolo- 
gists to  the  veins  of  the  wings,  both  of  the  same  and  of  different 
insects.  The  nomenclature  here  given  is  the  one  first  consistently 
applied  by  Comstock  and  Needham  and  now  used  by  a  large  number 
of  entomologists  working  in  different  orders  of  insects. 

The  wing  is  articulated  at  its  base  (except  in  mayflies  and  dragon- 
flies)  to  the  anterior  and  posterior  wing  processes  of  the  notum 
(fig.  6,  ANP  and  PNP)  and  to  the  wing  process  of  the  pleurum  (fig. 
4,  WP)  by  several  small  articular  sclerites  called  axillaries.  Two 
of  these,  the  -first  (J  Ax)  and  the  fourth  (4Ax),  form  a  hinge  with  the 
anterior  and  the  posterior  notal  wing  processes,  respectively,  while 
the  second  (2  Ax)  articulates  below  with  the  wing  process  of  the 
pleurum,  constituting  thus  a  sort  of  pivotal  element.  The  third  axil- 
lary (JAx)  intermediates  between  the  bases  of  the  anal  veins  and  the 
fourth  axillary — except  when  the  latter  is  absent  (as  it  is  in  nearly 
all  insects  except  Orthoptera  and  Hymenoptera),  in  which  case  it 
articulates  directly  with  the  posterior  notal  process.  The  thin  mem- 
brane of  the  wing  base  may  be  called  the  axillary  membrane  (AxM). 
On  its  anterior  edge  is  a  hairy  pad,  the  tegula  (Tg),  which  is  some- 
times a  large  scale  overlapping  the  humeral  angle  of  the  wing.  The 
posterior  margin  of  the  axillary  membrane  is  thickened  and  may  be 
called  the  axillary  cord  (AxC)  or  basal  ligament  of  the  wing. 

The  base  of  the  costa  is  not  directly  associated  with  any  of  the 
axillaries,  but  is  specially  connected  by  tough  membrane  below  with 
the  episternal  paraptera.  The  subcosta  abuts  against  the  end  of 
the  curved  neck  of  the  first  axillarv.  The  radius  is  either  attached 
to  or  touches  upon  the  anterior  end  of  the  second.  The  media  and 
cubitus  are  usually  associated  with  each  other  at  their  bases  and  also 
more  or  less  closely  with  one  or  two  median  plates  (m)  in  the  wTing 
base.  These  plates,  however,  are  not  of  constant  shape  and  occur- 
rence as  are  the  articulating  axillaries.  The  anals  are  generally 
attached  to  the  outer  end  of  the  third  axillary,  which  acts  as  a  lever 
in  the  folding  of  the  wing. 

A  fewr  insects  have  a  generalized  wring  almost  identical  with  the 
diagram  (fig.  (>),  but  most  of  them  depart  from  it  in  varying  degrees. 
Few  go  so  far,  however,  as  the  honey  bee,  whose  venation  is  very 
different,  but  yet  the  fundamental  basal  structure  is  the  same  even 
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here,  as  will  be  shown  in  the  special  description  of  the  wing  of  the 
oee* 

The  abdomen  consists  almost  always  of  10  segments.  There  are 
never  any  more  than  this  number  well  developed  in  adult  insects,  and 
if  there  are  fewer  the  reduction  is  due  to  a  modification  of  the  ter- 
minal segments  to  accommodate  the  external  organs  of  reproduction. 
The  posterior  opening  of  the  alimentary  canal  is  at  the  end  of  the 
tenth  segment,  which  carries  also  two  small  appendages  at  the  sides  of 
the  anus.  These  are  called  the  cerci  (fig.  8,  Cer) .  In  some  insects  they 
are  short,  styletlike  processes,  in  others  they  are  long  and  many 
jointed,  while  in  many  they  are  absent.  The  cerci  are  supposed  to 
be  developed  from  the  embryonic  appendages  of  the  tenth  segment, 
although,  on  the  other  segments,  these  appendages  disappear  before 
the  embryo  hatches,  except  in  some  members  of  the  lowest  wingless 
order  of  insects,  which  have  a  pair  of  cercuslike  appendages  on  each 
segment  of  the  abdomen. 

Each  abdominal  segment  presents  a  tergum  above  and  a  sternum 
below;  the  former  usually  also  reaches  far  do,wn  on  the  sides  and 
overlaps  the  edges  of  the  sternum.  In  some  insects  one  or  more  small 
pleural  plates  intervene  between  the  tergum  and  the  sternum,  but 
the  abdominal  pleura  are  never  developed  in  any  way  suggestive  of 
a  thoracic  pleurum.  Very  frequently  there  is  present  an  upper 
pleural  plate,  or  epipleurite,  adjoining  the  edge  of  the  tergum  and  a 
lower,  or  hypopleurite,  adjoining  the  edge  of  the  sternum.  The  line 
separating  these  two  sclerites,  however,  is  horizontal  and  can  not 
correspond  with  the  vertical  suture  of  a  thoracic  pleurum  between  the 
episternum  and  the  epimerum  extending  from  the  base  of  the  leg 
to  the  base  of  the  wing. 

The  most  complicated  structures  on  the  abdomen  are  the  external 
organs  of  reproduction.  In  the  male  these  serve  as  clasping  organs 
and  take  on  a  great  variety  of  forms  in  different  species.  The  organs 
in  the  female  form  an  ovipositor  and  are  of  much  more  definite  and 
constant  structure. 

The  ovipositor  (fig.  8),  in  its  most  perfect  development,  consists  of 
three  pairs  of  long,  closely  appressed  bladelike  processes  called 
gonapophyses  (1G,  2G,  3G).  These  six  pieces  fit  neatly  together  and 
form  an  organ  by  means  of  which  the  female  makes  a  hole  in  the 
ground  or  in  the  bark  of  a  tree,  or  punctures  some  other  insect,  and 
then  places  her  eggs  in  the  cavity  thus  produced.  An  interesting  fact 
in  this  connection  is  that  the  sting  of  a  wasp  or  bee  is  simply  a  modi- 
fied ovipositor.  This  can  be  proved  by  a  comparison  of  the  organs 
themselves  or  by  a  study  of  their  development.  Each  is  formed  from 
six  little  peglike  processes  that  grow  out  from  the  sterna  of  the  eighth 
and  ninth  abdominal  segments  of  the  larva  or  young  soon  after  hatch- 
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ing  (fig.  7,  1G,  2G,  and  3G).  At  first  there  is  only  one  pair  of  these 
processes  on  each  of  the  two  segments,  but  those  on  the  ninth  soon 
split  each  into  two,  thus  producing  two  pairs  on  this  segment.  The 
opening  of  the  oviduct  (OvO)  is  on  the 
eighth  segment  between  the  bases  of  the 
first  gonapophyses. 

The  ovipositor  of  the  longhorned  grass- 
hopper, shown  by  figure  8,  may  be  taken  as 
a  typical  example  of  this  organ.  The 
median  pair  of  gonapophyses  on  the  ninth 
segment  (2G)  remain  slender  and  fuse  at 
their  bases  into  a  small  bulblike  swelling 
open  below  (SkB).  The  pair  from  the 
eighth  segment  (1G)  form  two  long  blade- 
like pieces,  which  fit  by  sliding  articula- 
tions upon  the  lower  edges  of  the  corre- 
sponding second  gonapophyses  (2G).  The 
first  can  therefore  be  worked  back  and 
forth  while  they  are  braced  and  held  in 
position  by  the  second  pair.  The  third 
gonapophyses  (3G),  or  the  outer  pair  of 
the  ninth  segment  (the  left  one  in  figure  8  is  shown  as  if  cut  off  near 
its  base),  form  two  long  flat  blades  which  are  closely  appressed 
against  the  outer  surfaces  of  the  others.  In  the  detailed  study  of 
the  bee  it  will  be  shown  how  closely  the  structure  of  the  sting  corre- 
sponds in  every  way  with  that  of  this  ovipositor. 


An      3G 

Fig.  7. — Diagram  of  terminal 
abdominal  segments  of  a  fe- 
male Insect  and  early  stage  In 
development  of  gonapophyses 
(lO,  20,  and  30),  from 
which  Is  formed  the  ovi- 
positor of  most  Insects  and 
the  sting  of  wasps  and  bees. 


Pig.  .8. — Example  of  a  swordlike  ovipositor,  from  a  longhorned  grasshopper  (Cono- 
cephalus  sp.),  Illustrating  the  fundamental  similarity  of  structure  with  the  sting  of  the 
bee.  flg.  36. 

Some  entomologists  have  supposed  that  the  original  two  pairs  of 
gonapophyses  represent  the  embryonic  appendages  of  the  eighth  and 
ninth  segments,  and  they  would  thus  establish  a  homology  between 
the  ovipositor  or  sting  and  the  legs  and  mouth  parts.  It  has  been 
shown,  however,  that  the  true  appendages  of  the  abdominal  segments 
disappear  in  embryonic  life  while  the  gonapophyses  appear  much 
later,  during  early  nymphal  or  larval  life.     Furthermore,  each  pair 
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of  gonapophyses  arises  in  a  median  depression  on  the  ventral  side  of 
the  segment  while  the  true  appendages  are  latero-ventral.  Hence. 
the  evidence  is  very  much  against  this  theory  and  the  gonapophyses 
appear  to  be  special  secondary  processes  of  the  body  wall. 

All  insects  do  not  have  ovipositors  of  the  sort  described  above- 
Flies,  beetles,  moths,  and  butterflies  do  not.  Such  insects  simply 
drop  their  eggs  from  the  orifice  of  the  oviduct  or  deposit  them  in 
masses  upon  the  external  surfaces  of  various  objects.  In  some  of 
the  flies,  however,  the  terminal  segments  are  long  and  tubular  and 
entirely  telescoped  into  one  another.  They  are  hence  capable  of 
being  protruded  in  the  form  of  a  long  tapering  tube  having  the  open- 
ing of  the  oviduct  near  the  tip.  This  enables  the  insect  to  deposit  its 
eggs  in  deep  crevices,  but  the  structure  is  not  a  true  ovipositor — it  is 
simply  the  abdomen  itself  stretched  out. 

Insects  breathe  through  a  series  of  small  holes  situated  along  each 
side  of  the  body.  These  breathing  apertures  are  called  spiracles  and 
they  lead  into  a  system  of  internal  air  tubes  called  trachece.  There 
are  nearly  always  10  spiracles  present  on  each  side  of  the  body.  Two 
are  located  on  the  thorax,  the  first  between  the  prothorax  and  the 
mesothorax,  the  second  between  the  mesothorax  and  the  metathorax. 
while  the  other  eight  are  situated  on  the  first  eight  abdominal  seg- 
ments. Some  embryologists  believe  that  the  spiracles  of  the  pro- 
thorax  move  forward  in  early  embryonic  life  and  unite  with  each 
other  in  front  of  the  hypopharynx  to  form  the  salivary  opening,  their 
tracheae  constituting  the  salivary  ducts. 

After  this  review  of  the  general  external  structure  of  insects  we 
may  proceed  to  a  more  detailed  account  of  the  parts  and  organs  of 
the  honey  bee. 

III.   THE  HEAD  OF  THE  BEE  AND  ITS  APPENDAGES. 

The  head  of  an  insect,  as  already  explained,  is  a  composite  organ 
formed  of  six  or  seven  primitive  segments,  each  of  which,  except  the 
first,  typically  bears  a  pair  of  appendages  (fig.  2).  The  antennae  are 
developed  from  the  embryonic  appendages  of  the  second  segment, 
the  mandibles  from  the  fourth,  the  maxillae  from  the  sixth,  and  the 
second  maxilla?,  or  labium,  from  the  seventh.  The  appendages  of 
the  third  segment  disappear  in  early  embryonic  life  while  those  of 
the  fifth  segment,  when  the  latter  is  present,  fuse  with  a  median 
tongue] ike  lobe  of  the  next  segment  to  form  the  hypopharynx  of 
the  adult. 

1.    THE  STRUCTURE  OF  THE  HEAD. 

The  general  appearance  and  outline  of  the  head  of  a  worker  bee 
are  shown  from  before  and  behind  by  figure  9,  A  and  B.  In  facial 
view  the  head  is  triangular,  with  the  apex  below.     The  side  angles 
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are  rounded  and  capped  by  the  large  compound  eyes  (£").  In  the 
opposite  direction  the  head  is  very  much  flattened,  the  greatest  diame- 
ter being  crosswise  through  the  middle  of  the  eyes.  The  face  is  con- 
vex, while  the  posterior  surface  is  somewhat  hollowed  out  and  fits 
snugly  upon  the  anterior  end  of  the  thorax. 

The  large  lateral  eyes  (fig.  9  A,  E)  are  called  the  compound  eyes, 
because  each  is  composed  of  a  large  number  of  separate  eye  elements 
forming  the  little  hexagonal  facets  visible  on  the  surface.  All  of 
these  facets  together  constitute  the  cornea,  or  the  transparent  outer 
surface  of  the  eye,  which  in  the  bee  is  densely  clothed  with  long  hairs. 
The  dark  color  of  the  eye  is  located  in  the  deeper  parts,  but  these  will 
be  described  in  the  section  dealing  with  the  nervous  system.     On  the 


I  oil  short 


top  of  the  head  between  the  compound  eyes  are  the  three  simple  eyes, 
or  ocelli  {0),  arranged  in  a  triangle  with  the  median  ocellus  in  front. 

Between  the  lower  halves  of  the  large  eyes  and  near  the  center  of  the 
face  arise  the  antenna;  (Ant),  each  of  which  is  inserted  into  a  small, 
circular,  membranous  socket  of  the  head  wall,  and  consists  of  a  long, 
basal,  1-segmented  stalk  carrying  a  terminal  11-jointed  arm  movably 
articulated  to  the  stalk  and  generally  hanging  downward  from  it, 
( In  the  drone  the  terminal  arm  consists  of  12  joints.) 

The  mouth  parti  are  attached  at  the  lower  part  of  the  head,  and 
consist  of  the  mandibles  (Md)  laterally  and  the  maxilla  (Mx) 
and  labium  (Lb)  mesially.  The  latter  two  include  the  net  of  elongate 
bladelike  organs  surrounding  the  protrusible  "  tongue,"  which  to- 
gether constitute  what  is  commonly  known  as  the  proboscis  (Prb). 


28  THE  ANATOMY  OF  THE  HONEY  BEE. 

When  not  in  use  the  parts  of  the  proboscis  are  bent  back  beneath 
the  head.  By  referring  to  figure  9B,  giving  a  posterior  view  of  the 
head,  it  will  be  seen  that  the  basal  parts  of  both  the  maxillae  (St) 
and  the  labium  (Mt)  are  suspended  in  a  large  hollow  on  the  back  of 
the  cranium.  This  may  be  called  the  cavity  or  fossa  of  the  proboscis 
(PrbFs).  Between  the  mandibles  on  the  front  of  the  head  (fig. 
9A)  is  a  transverse  movable  flap,  the  labrum  (Lm),  attached  to  the 
lower  edge  of  the  front  wall  of  the  head  and  constituting  the  upper 
lip.  The  mouth  (Mth)  lies  behind  the  labrum  and  the  mandibles 
close  beneath  it. 

Below  the  antennal  sockets  is  a  transverse,  slightly  arched  suture 
(a)  which  turns  downward  on  each  side  and  extends  to  the  inner 
angles  of  the  bases  of  the  mandibles.  The  area  bounded  by  this 
suture  is  the  clypeus  (Clp)  and  the  suture  itself  may  be  called  the 
clypeal  suture. 

On  the  posterior  surface  of  the  head  (fig.  9B)  is  seen  the  pen- 
tagonal foramen  magnum  (For)  by  means  of  which  the  cavity  of 
the  head  communicates  with  that  of  the  thorax  and  through  which 
pass  the  nerves,  oesophagus,  blood  vessel,  and  tracheal  tubes.  A 
small  rod  (ten)  inside  the  head  arches  transversely  over  the  fora- 
men magnum,  cutting  it  into  a  dorsal  and  a  ventral  half.  At  each 
side  of  the  foramen  is  a  large  pit  (c)  which  marks  the  base  of  an 
internal  chitinous  beam  of  the  head  known  as  the  mesocephalic  pillar. 
The  opposite  end  of  this  pillar  unites  with  the  front  wall  of  the 
head  on  the  clypeal  suture  below  the  antennae,  where  it  produces 
another  smaller  pit  (b). 

Below  the  foramen  magnum  and  separated  from  it  by  a  wide  trans- 
verse bridge  of  the  cranial  wall  is  seen  the  large  fossa  of  the  proboscis 
(fig.  9B,  PrbFs)  having  the  shape  of  an  inverted  U.  The  side  walls 
of  this  cavity  are  chitinous  and  from  their  upper  edges  are  suspended 
the  maxillae,  while  the  base  of  the  labium  is  contained  in  the  mem- 
branous floor  of  the  fossa.  The  base  of  the  labium  projects  from  the 
head  beneath  or  behind  the  mouth  opening  and  its  dorsal  surface 
forms  the  floor  of  a  preoral  cavity  surrounded  by  the  bases  of  the 
mouth  parts  and  labrum. 

It  will  be  seen  from  the  above  description  that  the  head  wall  of  the 
bee  contains  no  suture  except  that  bounding  the  clypeus  and  the  one 
which  separates  the  labrum  from  the  latter.  Many  of  the  higher 
insects  have  the  head  wall  completely  continuous,  showing  no  division 
at  all  into  sclerites,  but,  in  such  forms  as  a  grasshopper  or  cockroach, 
and,  in  fact,  most  of  the  lower  insects,  the  head  as  well  as  the  other 
parts  of  the  body  is  made  up  of  a  number  of  plates.  Hence  this  may 
be  regarded  as  the  primitive  condition,  and  it  is  presumed  that  the 
head  of  the  bee  has  been  produced  from  one  whose  wall  was  divided 
by  sutures  into  a  number  of  distinct  parts.     Therefore  the  different 
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regions  of  the  bee's  head  may  be  named  according  to  thesclerites  with 
which  they  correspond  in  other  insects.     Thus,  the  part  of  the  face 
above  the  clypeus  and  between  the  compound  eyes  may  be  called  the 
front  (fig.  9A,  Ft),  the  parts  below  the  compound  eyes  the  gettee  (Ge)-, 
and  the  top  of  the  head  the  vertex 
(Vx).    The  area  on  the  back  of  the 
head    around    the    foramen    magnum 
may  likewise  be  termed  the  occipital 
region  (fig.  9B,  Oc)  and  the  parts  be- 
hind the  genre  and  the  lower  halves 
of   the  compound   eyes  the  postgentE 

(Pge). 

The  worker,  queen,  and  drone  differ 
conspicuously  in  the  shape  and  size  of 
the  head,  as  will  be  seen  by  comparing 
A,  B,  and  C  of  figure  10.  In  these 
drawings  the  front  has  been  removed 

in    order    to    show    various    internal  c 

parts,  which  will  be  described  later. 
While  the  head  of  the  worker  (A)  is 
triangular  in  facial  view,  that  of  the 
queen  (B)  is  more  rounded  and  wider 
in  proportion  to  its  length.  The  head 
of  the  drone  (C)  is  much  larger  than 

that  of  the  female  and  is  nearly  cir-  1 

cular  in  outline.  In  shape  the  head 
of  the  queen  is  intermediate  between 
that  of  the  worker  and  that  of  the 
drone,  but  in  size  it  is  somewhat 
smaller  than  the  head  of  the  worker. 
The  eyes  (E)  of  the  worker  and  queen 
are  about  equal,  but  those  of  the  drone 
are  enormously  enlarged  and  are 
broadly  contiguous  on  the  vertex  and 
the  upper  part  of  the  front.  On  this 
account  the  ocelli  (0)  of  the  drone  are  s 
crowded  down  on  the  front  nearer  the 

bases  of  the   antenna?  and   the   front     jig.  10.— a,  anterior  view  of  bead  of 

itself   IS   very    much    narrowed    above.  worker,  with  front,  antenna,  and 

...        j  .   ,       ,  proboscis  removed;  B.  correspond- 

Ihe  antenna?  of  the  drone  consist  of  mg  view  of  bead  ot  queen :  v,  same 
13  segments,  while  those  of  the  females  ot  dfone- 
have  but  12  segments.  The  mandibles  are  largest  proportionately  in 
the  queen  and  are  very  small  in  the  drone.  Those  of  the  worker  have 
u  smooth  terminal  edge,  while  this  edge  is  notched  in  the  queen  and 
the  drone.     The  parts  of  the  proboscis  are  much  longer  in  the  worker 
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and  capable  of  much  more  action  than  in  the  queen  and  drone,  which 
are  almost  entirely  dependent  upon  the  workers  for  their  food. 

The  internal  structure  of  the  cranium  may  be  studied  best  in  a  longi- 
tudinal section  of  the  head  (fig.  11).  In  order  to  prepare  a  section 
for  this  purpose  imbed  the  head  in  paraffin  and  then  carefully  slice 
off  one  side  with  a  sharp  knife  or  razor  just  outside  of  the  bases  of 
the  mandible  and  antenna.  Holding  the  remainder  in  the  block  of 
paraffin  or  fastening  the  whole  in  a  dish  of  water  or  alcohol,  care- 
fully dissect  away  the  soft  parts  from  the  head  cavity  so  as  to  expose 


Flo.  II. — A.  longitudinal  Bccllon  through  bead  of  worker  between  the  median  plane  and 
outer  edges  of  mandlliles  iJfd)  and  antenna;  [Ant)  of  left  Ride,  nil  Internal  soft  nana 
removed;  B.  corresponding  section  through  bead  of  drone,  except  that  tile  pharynx 
iPhy)  and  oesophagus  (<J,'|  are  not  removed. 

the  internal  chitinous  parts  shown  in  figure  11  A  and  B.  These 
figures,  however,  represent  a  slice  of  the  head  taken  from  between  the 
median  plane  and  the  outer  edges  of  the  antennal  and  mandibular 
bases  of  the  left  side.  Thus  only  the  parts  on  one  side  of  the  mid- 
line are  shown.  Figure  A  is  from  a  worker  and  Figure  B  from  a 
drone.  In  the  latter  the  pharynx  and  (esophagus  are  retained  and 
Ihe  neck  is  not  removed.  Figure  20  shows  the  head  cut  open  from 
above  and  the  mouth  parts  removed.  A  specimen  so  cut  and  boiled 
a  short  time  in  caustic  soda  or  potash  to  remove  the  soft  parts  will 
be  found  a  valuable  adjunct  to  this  study. 
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The  principal  parts  of  the  internal  skeleton  of  the  head,  or  eato- 
cranium,  consist  of  two  large,  oblique,  strongly  chitinous  bars  form- 
ing a  brace  between  the  anterior  and  the  posterior  walls  of  the  head 
(fig.  11  A  and  B,  Ten,  showing  the  parts  on  the  left  side  only,  and 
fig.  19,  Ten).    These  bars  have  been  named  by  Macloskie  (1881)  the 
rrvesocephalic  pillars.     As  already  pointed  out  the  base  of  each  is 
marked  externally  by  a  conspicuous  pit  (fig.  9  B,  c)  laterad  of  the 
"foramen  magnum,  and  its  facial  end  by  a  smaller  pit  (fig.  9  A,  b) 
in  the  clypeal  suture  near  the  upper  end  of  each  side  of  the  latter. 
The  bases  of  these  pillars  are  connected  by  the  slender  bar  (fig.  11  A, 
ten) j  already  noticed,  arching  over  the  foramen  magnum  (fig.  9  B, 
ten).     This  bar  and  the  two  pillars  represent  what  is  called  in  other 
insects  the  tentorium.    In  the  embryo  the  tentorium  is  formed  from 
tubular  ingrowths  of  the  head   wall   which  unite  internally   and 
assume  different  shapes  in  different  insects.     Since  the  air  tubes  of 
the  body  also  first  appear  as  tubular  ingrowths  of  the  body  wall, 
some  entomologists  have   supposed    that   the   hollow    tentorial   in- 
growths of  the  head  represent  the  spiracular  tubes  of  the  head 
Avhich  are,  otherwise,  lacking.    However,  there  is  not  sufficient  evi- 
dence to  support  such  a  view  as  this,  and  there  is  no  reason  why  the 
tentorium  should  not  have  been  originally  designed  simply  to  give 
greater  rigidity  to  the  walls  of  the  head  where  the  latter  support  the 
appendages. 

The  usual  form  of  the  tentorium  in  the  lower  insects  is  that  of  an 
X,  with  a  large  central  body,  situated  like  a  brace  across  the  lower 
part  of  the  head,  having  two  of  the  arms  directed  anteriorly  and 
laterally  and  two  directed  posteriorly  and  laterally,  and  while  the 
former  are  said  to  be  ingrowths  from  the  mandibular  segment,  there 
is  some  difference  of  opinion  concerning  the  segment  to  which  the 
latter  belong.  Riley  states  that  they  are  formed  in  the  labial  seg- 
ment of  the  cockroach  and  Carriere  and  Burger  describe  the  same 
thing  for  the  mason  bee.  Other  authors  have  ascribed  them  to  the 
maxillary  segment,  but  they  may,  in  later  stages,  lie  in  this  segment 
and  thus  appear  to  belong  to  it,  while  they  originated  in  the  one 
following,  having  moved  forward  on  account  of  the  condensation 
of  the  back  part  of  the  head.  The  tentorium  of  the  honey  bee, 
consisting  as  it  does  of  the  two  great  mesocephalic  pillars  (fig.  11 
A  and  B,  Ten)  and  the  small  arched  bar  (ten)  is  so  highly  modified 
that  it  is  hard  to  see  just  how  its  parts  are  tor  be  homologized  with 
the  parts  of  an  X-shaped  tentorium.  Probably  the  two  pillars  repre- 
sent the  separated  halves  of  the  X,  while  the  slender  arch  is  an  addi- 
tional structure.  In  any  case  we  have  not  enough  evidence  to  war- 
rant us  in  regarding  the  tentorial  invaginations  as  modified  tracheae, 
or  their  external  pits  as  rudimentary  spiracles.  Similar  processes 
extend  inward  from  the  walls  of  the  thorax  to  strengthen  it  or  to 
give  attachment  of  muscles.     Such  processes  in  general  form  the 
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entoskeleton  and  are  individually  called  apodemes.  Those  of  the 
head  constitute  the  entocranium,  those  of  the  thorax  the  entothorax. 

The  side  walls  of  the  fossa  of  the  proboscis  form  two  high,  thin, 
vertical  plates,  as  seen  from  the  interior  of  the  head  (fig.  11),  in 
front  of  the  mesocephalic  pillars.  The  posterior  edge  (d)  of  each 
of  these  plates  is  so  much  thicker  than  the  rest  of  it  in  the  worker 
that  it  appears  at  first  sight  to  be  a  separate  rod.  Its  upper  end 
projects  above  the  body  of  the  plate  as  a  free  arm  (e)  to  which  is 
articulated  the  basal  piece  of  the  maxilla  (Cd).  It  thus  constitutes 
the  maxillary  stispensorium.  (Macloskie  includes  under  this  term 
both  the  arm  of  the  cranial  wall  and  the  cardo  of  the  maxilla.) 

The  head  of  the  drone  (fig.  11  B)  presents,  besides  the  parts  de- 
scribed, a  thin  plate  (/)  depending  from  the  vertex  of  the  cranium 
along  the  line  between  the  compound  eyes. 

Besides  these  apodemes  of  the  cranial  wall  itself  there  are  others 
which  project  into  the  head  cavity  from  the  bases  of  the  appendages 
to  afford  points  of  insertion  for  their  muscles.  These  are  specially 
developed  in  connection  with  the  mandibles  and  will  be  described  in 
the  discussion  of  these  organs.  Still  other  internal  chitinizations  are 
developed  in  the  walls  of  the  pharynx,  but  these  likewise  will  be 
described  later. 

2.    THE  ANTENNiE  AND  THEIR  SENSE  ORGANS. 

The  antennae  of  the  bee  are  the  two  slender,  jointed  appendages 
movably  attached  to  the  center  of  the  face,  where  each  is  inserted 
into  a  circular  membranous  area  or  socket  just  above  the  upper  part 
of  the  clypeal  suture.  Their  general  shape  and  position  are  shown 
by  figures  9  A,  11  A,  and  19,  Ant.  Each  is  seen  to  consist  of  two 
parts,  forming  a  prominent  elbow  with  each  other,  and  usually  so 
held  that  the  first  or  proximal  part  extends  outward  and  upward 
from  its  frontal  attachment  and  carries  the  other  in  a  pendent  posi- 
tion from  its  distal  end.  The  first  part  thus  forms  a  basal  stalk, 
called  the  scape  (figs.  9  A;  19,  Sep),  consisting  of  a  single  joint 
inserted  into  the  antennal  socket  of  the  front  by  a  prominent  basal 
condyle  bent  toward  the  face.  This  articular  knob  is  attached  to 
the  rim  of  the  socket  by  a  circle  of  membrane,  but  it  is  also  pivoted 
on  a  slender  peglike  process  projecting  upward  from  the  lower  edge 
of  the  socket.  Hence,  while  the  flexible  membrane  allows  each 
antenna  to  revolve  freely  in  any  direction,  the  latter  is  at  the  same 
time  held  firmly  in  position  by  the  pivot.  The  antennae  are  moved 
by  special  sets  of  muscles  inserted  upon  their  bases  within  the  head. 
The  second  or  distal  division  of  the  antenna  is  cylindrical  and  longer 
than  the  first,  forming  a  flexible  flagelhtm  (fig.  9  A;  19,  FT)  hanging 
downward  from  the  distal  end  of  the  scape.    It  is  composed  of  11 


THE  HEAD  OF  THE  BEE  AND  ITS  APPENDAGES.  33 

small  joints  in  the  worker  and  queen  and  of  12  in  the  drone.  The 
male  antenna  thus  consists  of  13  joints  in  all,  while  that  of  the  female 
has  but  12.  The  first  joint  of  the  flagellum  is  freely  articulated  to 
the  scape,  but  the  others  do  not  have  much  play  upon  one  another, 
though  they  give  flexibility  to  the  flagellum  as  a  whole. 

Each  antenna  is  a  hollow  tube  containing  the  large  antennal  nerve, 
minute  extensions  of  the  tracheal  system,  and  the  small  muscles  which 
move  the  segments  upon  one  another. 

Popularly  the  antennae  of  insects  are  known  as  the  "  feelers,"  be- 
cause they  are  constantly  moved  about  in  all  directions  with  a  nervous 
kind  of  motion  as  if  the  creature  were  feeling  its  way  along  by  means 
of  them.  In  fact  "  feelers  "  is  a  better  name  for  these  appendages 
than  the  scientific  term,  for  there  can  be  no  doubt  that  the  sense  of 
touch  is  very  highly  developed  in  them  and  that  by  means  of  them 
insects  acquire  a  great  deal  of  information  concerning  their  surround- 
ings and  their  companions.  Moreover,  a  large  mass  of  evidence 
derived  from  experiments  shows  unquestionably  that  the  organs  of 
smell  also  are  located  upon  the  antennae  in  a  great  many  if  not  all 
insects,  while  some  investigators  believe  that  in  some  species  they 
carry  in  addition  the  organs  of  hearing. 

The  study  of  the  senses  of  insects  is  a  most  elusive  subject,  and 
becomes  more  so  the  more  we  ponder  on  the  results  of  experiments. 
In  the  first  place,  it  is  manifestly  impossible  for  us  to  acquire  any 
real  knowledge  of  an  insect's  sensations,  for  what  is  to  us  an  odor, 
a  taste,  a  color,  or  a  sound  may  be  something  quite  different  to  such  a 
differently  organized  creature.  We  can,  however,  by  experiments 
determine  that  some  things  which  give  us  the  sensation  of  an  odor 
are  perceived  also  by  insects  when  placed  near  them.  Also  it  can  be 
shown  that  some  of  them  distinguish  substances  of  different  taste  in 
their  food,  and  likewise  that  they  perceive  movement  and  distinguish 
the  colors  and  in  a  vague  way  the  outlines  of  objects.  Furthermore, 
it  is  known  that  some  of  their  perceptions  are  more  delicate  than  ours, 
and  that  some  insects  at  least  see  color  where  we  see  none.  They  may 
even  possess  senses  of  which  we  have  no  conception. 

Hence,  while  it  can  be  positively  stated  that  insects  perceive  differ- 
ences of  touch,  taste,  smell,  sound,  and  light,  and  act  accordingly,  we 
can  not  say  what  the  sensations  they  acquire  are  like.  In  fact  we 
do  not  know  that  they  have  conscious  sensations  at  all.  What  looks 
like  an  action  due  to  intelligent  perception  may  be  purely  a  reflex  one, 
unaccompanied  by  any  sensation.  This  of  course  involves  the  ques- 
tion as  to  whether  such  creatures  or  insects  are  possessed  of  conscious- 
ness or  not — a  question  which  can  not  be  answered  one  way  or  the 
other. 

Understanding,  then,  that  our  knowledge  of  insect  senses  amounts 
only  to  this,  that  what  gives  us  the  sensation  of  light,  sound,  taste, 
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touch,  or  smell  makes  also  some  sort  of  an  impression  on  the  insect 
and  varies  in  degree  and  kind  much  as  it  does  in  us,  we  may  go  on  to 
a  study  of  the  senses  located  on  the  antennae. 

Here,  again,  however,  we  are  confronted  by  a  difficulty,  for  while, 
at  first  thought,  it  seems  very  easy  to  hold  some  strong-smelling  sub- 
stance near  the  antennae  of  a  beetle,  ant,  or  bee  and  observe  the  evident 
displeasure  with  which  the  creature  turns  away,  yet  we  may  be  en- 
tirely wrong  if  we  conclude  that  the  insect  "  smells  "  the  substance 
that  repels  it.  Strong-smelling,  volatile  liquids  may  simply  produce 
pain  in  some  of  the  delicate  nerve  endings  of  the  antennae.  Some 
other  kind  of  a  being,  experimenting  on  our  senses,  might  close  up 
our  nose  and  mouth  and  prove  that  we  smell  by  means  of  our  eyes 
on  observing  the  blinking  we  should  perform  when  strong  formalin 
or  ammonia  was  held  close  to  the  face.  Furthermore,  irritant  gases 
and  volatile  liquids  affect  the  mucous  membranes  of  our  noses  and 
throats  in  a  way  quite  independent  from  the  odor  that  we  perceive, 
and  there  is  no  reason  why  the  same  may  not  be  true  of  insects.  As 
pointed  out  by  Forel,  experiments  on  the  sense  of  smell  should  be 
made  with  odorous  substances  that  the  insect  meets  with  in  a  state  of 
nature,  which  would  be  principally  the  materials  it  feeds  on.  In- 
sects are  indifferent  to  almost  every  mildly  odorous  substance  not 
used  as  food,  which,  however,  does  not  prove  that  they  do  not  smell 
them. 

Again,  in  many  cases,  it  would  be  difficult  to  decide  whether  the  re- 
sults of  an  experiment  should  be  accredited  to  smell  or  sight.  For 
example,  every  bee  keeper  knows  that  hungry  bees  are  attracted  to 
honey  a  long  distance  from  their  hives,  and  it  would  seem  almost  self- 
evident  that  they  are  guided  by  a  sense  of  smell.  Yet  one  might  con- 
tend that  they  find  the  honey  by  sight,  as,  indeed,  is  claimed  by  a 
number  of  entomologists  who  have  made  experiments  on  the  olfactory 
powers  of  bees.  This  question  has  been  decided  in  some  other  insects 
by  painting  the  eyes  with  some  opaque  substance  or  by  removing  the 
antennae,  but  the  evidence  is  not  conclusive  on  either  side  in  the  case  of 
bees. 

Experiments  made  by  a  large  number  of  competent  investigators, 
including  Lubbock,  Schiemenz,  and  Forel,  have  proved  conclusively 
.  that  the  organs  of  the  sense  of  smell  in  insects  are  located  principally 
on  the  antennae.  The  most  interesting  of  these  experiments  are  per- 
haps those  which  Forel  (1903)  made  on  carrion-feeding  beetles.  He 
found  the  dead  and  putrid  bodies  of  a  hedgehog  and  a  rat  infested  by 
a  swarm  of  these  beetles  belonging  to  several  genera.  He  collected 
more  than  40  specimens  from  the  carcasses  and  removed  their  an- 
tennae. Then  he  placed  them  all  at  one  place  in  the  grass  and  moved 
the  dead  bodies  to  a  distance  of  28  paces  from  the  beetles  where  he 
concealed  them  in  a  tangle  of  weeds.    Examination  the  next  day 
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revealed  the  fact  that  not  one  of  the  mutilated  beetles  had  found  the 
carcasses.  Eepeated  experiments  gave  the  same  results — no  beetle 
without  its  antennae  was  ever  found  on  the  dead  animals,  although  at 
each  examination  new  individuals  of  the  several  species  were  present. 
It  might  be  supposed  that  the  mutilation  itself  distracted  the  beetles 
to  such  an  extent  that  they  did  not  care  to  eat.  In  order  to  test  this 
point  Forel  next  cut  off  all  the  feet  on  one  side  of  the  body  from  a 
dozen  intact  beetles  and  changed  the  location  of  the  dead  bodies  again. 
The  next  day  five  of  this  lot  were  found  on  the  carcasses. 

The  same  results  have  been  obtained  from  experiments  on  other 
insects.  Ants  distinguish  between  their  comrades  and  enemies  by 
means  of  their  antennal  sense  organs.  Males  of  the  silkworm  moth 
and  many  other  moths  and  butterflies  perceive  the  presence  of 
the  females  and  are  guided  to  them  by  an  evident  sense  of  smell 
located  on  the  antennae,  for  they  fail  completely  to  find  them  when 
these  appendages  are  removed,  although  one  immediately  recognizes 
a  female  when  placed  in  contact  with  her. 

Similar  experiments  have  been  made  on  the  bee,  testing  the  ability 
of  the  workers  to  find  honey  hidden  from  their  sight.  The  results, 
according  to  Forel,  seem,  curiously  enough,  to  indicate  that  bees  can 
perceive  odors  but  a  very  short  distance  from  their  heads.  Forel 
found  that  hungry  bees  in  a  cage  would  pass  and  repass  hundreds  of 
times  within  a  few  millimeters  of  some  honey  concealed  from  their 
sight  by  a  lattice  without  discovering  it.  They  ate  it  greedily,  how- 
ever, when  the  lattice  was  removed,  though  it  had  been  perfectly 
accessible  to  them  all  the  time.  Forel  believes  that  u  bees  guide  them- 
selves almost  exclusively  by  vision,"  and  Lubbock  holds  the  same 
opinion.  At  the  same  time  it  would  probably  be  a  very  difficult  mat- 
ter to  convince  many  practical  bee  keepers  that  bees  do  not  "  smell " 
from  long  distances.  It  is  a  well-known  fact  that  at  times  when  nec- 
tar is  scarce  bees  are  attracted  in  large  numbers  to  the  houses  of  an 
apiary  where  honey  is  stored,  though,  when  the  natural  flow  is  suf- 
ficient, they  pay  no  attention  to  it.  Tests  of  the  olfactory  sense  should 
undoubtedly  be  made  under  natural  conditions.  Bees  inclosed  in  a 
box  with  some  honey  concealed  from  their  sight  might  not  be  able  to 
locate  it  in  such  close  quarters  though  they  might  be  smelling  it  all 
the  time.  An  odor  in  a  room  may  so  fill  the  air  that  it  does  not  seem 
to  come  from  any  particular  direction  and  we  ourselves  would  have 
to  exert  our  intelligence  to  discover  its  source. 

While,  then,  it  does  not  seem  probable  that  bees  have  such  limited 
olfactory  powers  as  some  investigators  claim  their  experiments  indi- 
cate, it  may  be  accepted  as  proved  that  the  organs  of  smell  are  located 
principally  on  the  antenna*.  It  has  already  l>een  stated  that  the  sense 
of  touch  also  is  very  highly  developed  on  these  organs,  although  in  a 
less  sensitive  degree  it  is  distributed  over  most  of  the  other  parts  of 
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the  body.    It  is  again  specially  developed  on  the  palpuslike  append- 
ages of  the  sting.    (See  figs.  36  and  37,  StnPlp.)     Sections  of  a  bee's 

antenna  show  that  there  are 
Hrv  ^^^  on  its  surface  a  great  number 

of  minute  structures  of  sev- 
eral different  kinds,  though 
all  apparently  are  to  be  re- 
garded as  modified  hairs, 
which  are  undoubtedly  the 
sense  organs.  Now  the  diffi- 
culty arises  of  deciding  which 
of  these  to  assign  to  the  sense 
of  touch  and  which  to  the 
sense  of  smell.  Different  au- 
thors have  made  such  differ- 
ent interpretations  of  the 
sense  organs  of  insects  that 
the  student  attempting  to  get 
information  on  the  subject 
from  books  must  soon  be  dis- 
couraged by  their  conflicting 
statements.  But  it  must  be 
realized  that  only  intelligent 
guessing  is  possible  where 
several  senses  are  located  on 
the  same  part.  In  the  case  of 
the  bee  some  authors  have 
ascribed  even  a  third  sense, 
that'  of  hearing,  to  the  an- 
tenna?, but  there  is  little  evi- 
dence that  bees  possess  the 
power  of  hearing.  The  senses 
of  taste  and  touch  are  pos- 
sessed by  the  mouth  parts, 
and  some  entomologists  think 
that  they  contain  organs  of 
smell  also.  Thus,  the  organs 
of  sight  are  apparently  the 
only  ones  that  can  not  be  con- 
fused with  some  other  sense. 
The  best  account  of  the 
antennal  sense  organs  of  the 
bee  is  that  of  Schiemenz  (1883),  whose  drawings  are  here  reproduced 
(fig.  12)  and  whose  text  is  the  basis  of  the  following  descriptions. 
The  organs  consist,  as  before  stated,  of  modified  hairs  and  their  basal 


Fia.  12. — Antennal  hairs  and  sense  organs 
(after  Schiemenz).  A,  example  of  antennal 
hairs  (Hr)  Imbedded  in  cuticle  (Ctl)  but 
having  no  nerve  connection  ;  15,  hollow  hair 
containing  prolongation  of  special  cell  (CI)  ; 
C,  D,  straight  and  curved  tactile  hairs  con- 
nected with  basal  cells  (17)  and  nerve  fibers 
(Nv)  ;  E,  conical  hair  (Hr)  sunken  in  a  pit 
(Pt)  of  the  cuticle,  probably  an  olfactory 
organ ;  F,  closed  sac  shut  In  by  thin  disc 
(hr)  on  surface  of  antenna  and  containing  a 
delicately  poised  cell  (C7)  with  nerve  con- 
nection  (Xr). 
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insertions  which  are  connected  with  the  ends  of  nerve  fibers.  Some 
of  them  stand  exposed  on  the  surface  of  the  cuticle  while  others 
are  sunken  into,  or  entirely  concealed  within,  pits  of  the  integument. 
In  addition  to  these,  there  are  two  other  kinds  of  special  hairs  on 
the  antennae  which  have  no  nerve  connections,  while,  finally,  the  ordi- 
nary hairs,  such  as  are  found  on  all  parts  of  the  body,  occur  also  on 
them,  especially  on  the  scape. 

The  special  hairs  not  provided  with  nerve  endings  are  of  two 
sorts.  One  is  a  solid  curved  or  hooked  hair  (fig.  12  A,  Ilr)  which 
is  simply  articulated  into  a  socket  of  the  cuticle  (Ctl),  while  the 
other  (B)  is  hollow  and  is  situated  over  a  channel  through  the  cuticle, 
and  contains  a  prolongation  of  a  specially  enlarged  epithelial  cell 
(CI)  lying  beneath  it.  These  hairs  can  not  be  regarded  as  sensory, 
since  they  have  no  communication  with  the  central  nervous  system, 
and  it  is  not  clear  just  what  purpose  they  do  serve. 

The  simplest  sensory  organ  is  .a  short,  hollow,  conical  hair  (C, 
Hr)  arising  directly  from  the  surface  of  the  cuticle,  over  a  wide 
opening  through  the  latter,  and  containing  the  end  of  a  sensory  cell 
(CI)  connected  with  a  nerve  fiber  (Nv),  which  goes  into  the  main 
trunk  of  the  axial  antennal  nerve.  A  modified  form  of  this  organ 
consists  of  a  curved  hair  (D,  Ilr)  set  into  a  small  depression  over 
the  cuticular  channel.  Such  hairs  are  probably  tactile  in  function; 
that  is  to  say,  by  means  of  them  the  bee  can  perceive  that  its  antennae 
are  in  contact  wTith  some  surface.  The  general  integument  is  too 
thick  and  dense  to  allow  of  any  sort  of  delicate  touch  sensation  being 
communicated  through  it,  but  if  one  of  these  movable  hairs  brushes 
against  an  object  the  nerve  within  it  must  be  at  once  stimulated. 
Tactile  or  touch  hairs  are  distributed  especially  over  the  outer  sur- 
face of  the  antenna?  and  at  its  apex,  but  occur  also  scattered  over 
the  other  parts  of  the  body  and  on  the  mouth  parts. 

Microscopic  sections  of  the  antennae  reveal  still  other  organs 
which  are  not  so  apparent  on  the  surface  as  the  hairs  just  described. 
One  of  these  is  showrn  at  E  of  figure  12.  It  consists  of  a  small  pit 
(Pt)  in  the  integument,  widened  basally,  and  having  a  small  papilla 
on  its  floor,  in  whose  summit  is  the  opening  of  a  still  deeper  cavity 
which  also  expands  toward  its  deeper  end.  This  inner  cavity  is 
almost  filled  up  by  tit  conical  plug  (Ilr)  which  arises  from  its  floor 
and  ends  just  below  the  aperture  into  the  outer  pit.  The  plug  con- 
tains a  thick  nerve  ending  which  arises  from  a  ganglion  cell  con- 
nected with  the  antennal  nerve  by  a  nerve  fiber.  Ten  or  more  of 
these  sense  organs  occur  on  the  terminal  and  the  first  three  segments 
of  the  flagellum.  It  is  evident  that  each  is  simply  a  sensory  hair 
which  has  been  doubly  sunken  into  a  cavity  of  the  integument. 
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As  before  stated,  it  has  been  conclusively  proved  by  several  investi- 
gators that  bees  perceive  odors,  and  it  is  said  that  if  the  antenna? 
are  covered  with  shellac,  bees  can  distinguish  between  distasteful 
substances  only  by  means  of  the  proboscis.  Schiemenz  and  most 
other  writers  on  the  subject  therefore  conclude  that  the  sunken  cones 
are  the  organs  of  smell,  since,  being  below  the  surface,  they  could  not 
be  organs  of  touch.  Some  other  authors,  however,  among  whom  are 
Cheshire,  regard  these  inclosed  cones  as  hearing  organs.  They  sup- 
pose that  the  sound  waves  of  the  air  enter  the  pit,  as  into  an  ear 
cavity,  and  these  set  up  a  vibration  in  the  cone  which  stimulates  the 
attached  nerve  ending.  However,  the  appearance  of  one  of  these 
cones  would  suggest  that  it  is  too  stable  a  structure  to  be  affected 
by  sound  waves,  so  the  olfactory  theory  seems  much  more  probable. 

Finally,  Schiemenz  describes  the  most  specialized  of  all  the  anten- 
nal  sense  organs  as  a  closed  cavity  (Pt)  in  the  cuticle  (Ctl)  extend- 
ing into  the  hollow  of  the  antenna  as  a  long,  curved,  tapering  sac. 
This  is  shown  at  F  of  figure  12.  A  nerve  (Nv)  enters  the  lower 
extremity  of  the  pouch,  expands  slightly  into  a  nucleated  ganglion 
cell  (CI),  and  then  extends  toward  the  top  as  a  delicate  spindle 
drawn  out  into  a  fine  tapering  point.  The  surface  covering  of  the 
pit  is  a  thin  layer  of  chitin  presenting  several  concentric  light  and 
dark  rings  surrounding  a  central  disc  (hr).  Sections  show  that  this 
appearance  of  rings  is  due  to  circular  thickenings  of  the  membrane, 
and  Schiemenz  points  out  that  the  central  disc  is  probably  a  modi- 
fied hair,  while  the  whole  structure  is  to  be  regarded  simply  as  a 
modification  of  a  tactile  organ  such  as  that  shown  at  D  with  the 
nerve-ending  and  its  ganglion  inclosed  in  a  sac.  These  organs  are 
most  abundant  on  the  antennae  of  the  drones,  where  they  are  situ- 
ated, especially  on  the  under  surface,  so  close  together  that  but  little 
space  is  left  between  them  for  the  tactile  hairs,  while  in  the  workers 
and  queens  they  are  farther  apart  and  are  interspaced  with  many 
tactile  hairs.  Hence,  whatever  sense  they  accommodate  must  be 
much  more  highly  developed  in  the  males  than  in  the  females. 
Schiemenz  described  these  organs,  as  well  as  the  sunken  cones,  as 
organs  of  smell.  He  ascribed  only  the  senses  of  touch  and  smell  to 
the  antennae,  and  both  Cheshire  and  Cowan  concur  in  his  view  of  the 
closed  pits.  Arnhart  (1006),  however,  argues  that  an  organ  of  smell 
must  be  open  to  the  air  in  order  to  permit  the  ingress  of  odor  par- 
ticles. Such  an  organ  is  constituted  by  the  sunken  cones,  but  the 
closed  pits  have  nothing  to  recommend  them  for  an  olfactory  func- 
tion. Arnhart  then  further  points  out  that  the  buried  sacs,  inclosing 
a  delicately  poised  nerve-ending  and  covered  by  an  external  tym- 
panum, have  all  the  mechanical  elements  of  an  organ  of  hearing. 
He  finally  argues  that  bees  must  hear,  since  they  produce  special 
sounds  such  as  the  piping  of  the  queens,  and  that,  since  no  possible 
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organs  of  hearing  have  been  discovered  on  any  other  part  of  the  body, 
some  of  the  antennal  sense  organs  must  be  auditory  in  function.  His 
conclusion  from  these  premises  is,  of  course,  inevitable  that  the 
closed  sacs  on  the  antennae  are  the  hearing  organs  of  the  bee.  What 
invalidates  the  argument,  however,  is  the  fact  that  no  one  has  yet 
produced  any  actual  evidence  that  bees  perceive  sound. 

The  following,  then,  may  be  stated  as  a  general  summary  of  the 
evidence  concerning  the  antennal  senses  and  their  sense  organs  in 
the  bee:  (1)  The  antenna*  are  highly  sensitive  to  touch  and  are  the 
seat  of  the  sense  of  smell.  (2)  They  are  covered  by  several  kinds 
of  minute  structures  which  are  modified  hairs  containing  special 
nerve-endings.  (3)  By  inference,  it  would  seem  certain  that  these 
are  the  sense  organs,  but  we  can  only  form  an  opinion,  based  upon 
their  structure,  as  to  which  are  tactile  and  which  olfactory.  (4)  One 
set  of  organs  does  not  appear  to  belong  to  either  of  these  categories 
and  their  structure  suggests  an  auditory  function,  but,  in  the  absence 
of  evidence  that  bees  hear,  the  purpose  of  these  organs  must  be  re- 
garded as  problematical. 

3.    THE  MANDIBLES  AND  THEIR  GLANDS. 

The  mandibles  (fig.  9  A,  Md)  are  the  dark,  strongly  chitinous 
appendages  of  the  head,  commonly  called  the  jaws,  situated  at  each 
side  of  the  mouth,  anterior  to  the  base  of  the  proboscis.  In  all  in- 
sects with  biting  mouth  parts  the  jaws  work  sidewise,  each  being 
attached  to  the  head  by  an  anterior  and  a  posterior  articulation. 
They  can  thus  swing  in  and  out  on  a  longitudinal  axis  in  such  insects, 
as  the  bee,  that  carry  the  head  with  the  mouth  directed  downward, 
or  in  the  same  way  on  a  vertical  axis  in  those  that  carry  the  head 
with  the  mouth  forward. 

Both  mandibular  articulations  are  of  the  ball-and-socket  type, 
although  in  the  bee  the  socket  is  a  very  shallow  one,  the  anterior 
consisting  of  a  condyle  on  the  outer  angle  of  the  clypeus  fitting 
against  a  facet  on  the  mandible,  and  the  position  of  a  facet  on  the 
lower  edge  of  the  postgena  receiving  a  condyle  from  the  mandible. 
The  motion  of  the  mandible  is  thus  reduced  to  a  hinge-joint  move- 
ment, and,  on  this  account,  insects  can  only  bite  and  crush  their 
food;  they  can  not  truly  chew  it,  since  their  jaws  are  incapable  of 
a  grinding  motion.  Each  mandible  is,  of  course,  as  pointed  out  in 
the  introduction,  really  suspended  from  the  head  by  a  continuous 
membrane  between  its  base  and  the  cranium,  being  simply  a  modified 
saclike  outgrowth  of  the  head  wall.  The  two  articulations  are  pro- 
ductions of  the  chitin  on  the  outside  of  this  membrane. 

Figure  9  A  shows  the  location  and  shape  of  the  mandibles  (Md) 
of  the  worker  as  seen  in  a  facial  view  of  the  head.    Figure  11  A 
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shows  the  appearance  of  the  left  mandible  in  side  view,  while  the 
right  one  is  shown  detached  from  the  head  in  figure  13  A.  The 
mandibles  differ  conspicuously  in  size  and  shape  in  the  three  forms 
of  the  bee  as  already  described  and  as  shown  in  figure  10  A,  B,  and  C. 
That  of  the  worker  is  hollowed  out  somewhat  on  the  distal  half  of 
its  inner  face  (fig.  13  A,  Md)  forming  a  spoon-shaped  organ,  the 
edge  of  which  is  smooth  and  rounded.  The  mandibles  of  both  the 
queen  (fig.  10  B)  and  the  drone  (C),  however,  are  pointed  at  the 
apex  and  have  a  conspicuous  subapical  notch.  Those  of  the  drone 
ly^j  are  smaller  than  those  of 

either  form  of  the  female, 
but  appear  to  be  especially 
small  on  account  of  the 
great  size  of  the  drone's 
head.  The  mandible  of  the 
worker  is  undoubtedly  to 
be  regarded  as  the  special- 
ized form,  since  the  notched 
mandible  of  the  drone  and 
queen  is  of  the  ordinary 
Hymenopteran  type.  Both 
the  drone  and  the  queen 
are,  under  normal  circum- 
stances, fed  almost  entirely 
by  the  workers,  and  they 
probably  never  have  am- 
use for  their  jaws  as  feed- 
ing organs.  The  queen 
needs  her  large,  sliarp- 
pointed  mandibles  for  bit- 
ing her  way  out  of  the 
thick  wax  cell  in  which 
she  is  reared,  but  the 
their  bares.  drone,  on  the  other  hand, 

being  reared  in  an  ordinary  cell  resembling  that  of  a  worker,  except 
in  ?aze,  is  easily  able  to  cut  through  the  thin  cell  cap  with  his  com- 
paratively weak  jaws.  The  workers,  however,  have  numerous  uses 
for  their  mandibles,  such  as  biting  through  the  cell  caps,  eating 
pollen,  and  modeling  wax.  The  last  is  the  especial  function  of 
the  worker  mandible,  and  probably  it  is  to  accommodate  this  pur- 
pose that  it  has  acquired  its  specialized  spoonlike  shape. 

Each  mandible  is  moved  by  two  sets  of  muscles  within  the  head. 
The  outer  one  constitutes  the  extensor  muscle  (fig.  13  A,  EMcl)  and 
the  inner  the  flexor  muscle  (RMd).    The  latter  is  the  stronger  of 
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the  two,  since  all  the  work  of  the  mandible  falls  upon  it,  the  extensor 
being  used  simply  to  open  the  jaw.  While  these  muscles  have  their 
origins  on  the  walls  of  the  head,  they  are  not  inserted  directly  upon 
the  mandibles,  but  on  large  apodemes  (fig.  13  A,  EAp  and  RAp) 
attached  to  the  edges  of  the  mandible. 

A  gland  opens  at  the  inner  margin  of  each  mandible  between  the 
anterior  articulation  and  the  base  of  the  apodeme  of  the  flexor 
muscle  (fig.  13  A  and  B,  lMdGl).  In  the  worker  it  consists  of  a 
large  sac  covered  with  secreting  cells  lying  within  the  front  part  of 
the  head  between  the  clypeus  and  the  compound  eye  (fig.  10  A, 
lMdGl).  These  mandibular  glands  may  be  most  easily  studied  by 
removing  the  front  as  shown  in  figure  10  A,  B,  and  C.  In  order  to 
do  this,  pull  the  head  from  the  thorax  and  allow  the  prothoracic  legs, 
which  will  usually  come  off  with  the  head,  to  remain  attached  to  it. 
Next  melt  a  small  hole  in  the  bottom  of  a  paraffin  dish  with  a  heated 
needle  and  fasten  the  head  face  upward  into  this,  the  attached  legs 
helping  to  anchor  the  head  in  the  paraffin.  Cover  the  specimen  with 
weak  alcohol  and  by  means  of  sharp  needles  remove  the  part  of  the 
front  on  either  side  between  the  clypeus  and  the  lower  half  of  the 
compound  eye  in  the  worker  and  drone  and  the  entire  front  of  the 
queen.  In  figure  10  the  whole  front  is  removed  in  all  three  forms  in 
order  to  expose  other  internal  parts  of  the  head. 

The  mandibular  gland  (lMdGl)  is  of  greatest  size  in  the  queen 
(fig.  10  B),  though  it  is  large  in  the  worker  (fig.  10  A  and  fig.  13  A), 
but  it  is  reduced  in  the  drone  (fig.  13  B)  to  a  very  small  oval  sac, 
which  is  hidden  by  another  gland  {2GI)  in  front  (fig.  10  C).  It  was 
first  described  by  Wolff  (1875)  as  an  olfactory  mucous  gland  (Rierh- 
8chteimd)ni#8e)  and  was  supposed  by  him  to  secrete  a  liquid  which 
was  poured  upon  the  roof  of  the  mouth  in  order  to  keep  this  surface, 
on  which  Wolff  thought  the  olfactory  organs  were  located,  in  a  moist 
condition  capable  of  absorbing  odor  particles.  There  is  absolutely 
no  evidence,  however,  of  the  presence  of  organs  of  smell  in  the  mouth, 
and  furthermore,  as  pointed  out  by  Schiemenz  (1883),  the  gland 
varies  in  the  three  forms  of  the  honey  bee  according  to  the  size  of  the 
mandible,  which  is  proportionately  largest  in  the  queen  and  smallest 
in  the  drone.  Of  the  three,  we  should  expect  the  drone  or  the  worker 
to  have  the  sense  of  smell  most  highly  developed,  and  hence,  even  if 
we  did  not  know  that  the  sense  of  smell  is  located  in  the  antennae, 
it  would  seem  more  reasonable  to  suppose  that  the  glands  of  the 
mandibles  are  connected  in  some  way  with  the  functions  of  these 
organs  themselves. 

The  mandibles,  as  already  stated,  are  used  for  eating  pollen  and  as 
tools  for  manipulating  and  modeling  wax.  Therefore,  according  to 
Arnhart  (1906),  since  the  queen  does  not  eat  raw  pollen,  the  product 
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of  ilie  mandibular  glands  must  be  intended  for  softening  the  wax 
when  it  is  worked  in  the  jaws.     The  secretion  of  the  glands  is  said 
to  be  very  volatile  and  strong  smelling  and  to  have  an  acid  reaction. 
It  is  probably  entirely  possible  that  it  may  have  a  solvent  effect  upon 
the  wax,  or  even,  when  mixed  with  it,  change  somewhat  the  chemical 
composition  of  this  substance;  in  fact,  some  investigators  claim  that 
the  wax  of  the  comb  differs  chemically  from  that  freshly  taken  from 
the  wax  plates.     Even  this  explanation,  however,  does  not  seem  en- 
tirely satisfactory,  for  the  only  occasions  on  which  the  queen  has  any- 
thing to  do  with  wax  is  when  she  gnaws  her  way  out  of  her  cell  after 
hatching  or  bites  her  way  into  the  cells  of  young  queens  in  order 
to  sting  them.     However,  these  occasional  uses  by  the  queen  of  her 
mandibles  appear  to  be  important  enough  to  maintain  the  large  size 
of  these  organs  in  the  queen,  and  it  may  be  reasonable  to  assume  that 
the  demand  upon  their  glands  is  likewise  a  large  one  when  it  does 
occur.     Yet  the  mandibles  of  the 
queen     are    toothed    and     sharp 
pointed,  which  should  provide  her 
with  sufficient  cutting  power  both 
to  emerge  from  her  own  cell  and  to 
enter  the  cells  of  other  queens,  and 
so,  on  the  whole,  the  opinion  of 
Sthiemenz  that  the  secretion  of  the 
mandibular  glands  is  merely  sali- 
Ge  iMdCI  v»ry  in  function  would  seem  to  be 

Pro.    14.— internal     mandibuiiir    einnd     Hie  simplest  explanation  and  the 
iWdai)  of  worker,  lylnjr  ajwlmtt  Inner  .    i      ■      i  tt 

wi.li  of  pu.tKtti.1  (P0r)  „nd  npenin*  most  logical  one.  However,  an 
<i>eij  :it  inner  ejj;e  of  imse  of  man-  actual  test  should  certainly  be  made 
to  determine  whether  the  worker's 
manipulation  of  the  wax  with  her  mandibles  produces  any  change  in 
it,  and  to  discover  whether  the  queen  simply  bites  her  way  mechan- 
ically through  the  wall  of  the  cell  or  at  the  same  time  softens  the  wax 
by  a  secretion  from  her  mouth.  The  male  in  any  case  has  little  use 
for  his  mandibles,  and  the  glands  are  so  small  that  they  must  certainly 
be  function  less. 

A  second  mandibular  gland  (fig.  14,  $MdGl)  is  present  in  the 
worker.  It  consists  of  a  delicate,  flattened,  racemose  mass  lying 
against  the  internal  face  of  the  wall  of  the  fossa  of  the  proboscis. 
whose  duct  opens  into  the  mouth  cavity  at  the  posterior  inner  edge 
of  the  mandible.  This  gland  was  first  described  by  Bordas  (1895)  as 
the  internal  mandibular  gland.  According  to  him,  it  corresponds 
with  a  similar  gland  in  the  Bombida?  (bumblebees)  and  in  the  Ves- 
pidie  (yellow  jackets)  and  to  the  maxillary  glands  of  other  Hy- 
menoptoni.     Xotbing  is  known  of  its  secretion. 
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4.    THE   PROBOSCIS, 

The  conspicuous  group  of  month  appendages  in  the  honey  bee, 
forming  what  is  commonly  known  as  the  proboscis  (fig.  9  A,  Ptb), 


&1Q.  IB.— Mnnlh  parts  of  the  worker:  A.  tip  of  glossa.  showing  labelluin  17,61).  guard 
hairs  (Br),  and  ventral  groove  (£)  ;  II,  name,  from  above:  ('.  small  piece  of  glossal 
rod  (r)  with  adjoining  parts  of  wnlls  u/i  of  glossal  canal  attnched,  showing  ventral 
channel  II)  guarded  liy  rows  of  hairs.  II.  parla  forming  the  proboscis,  lnhlum  In  middle 
and  njniina>  at  sides,  flattened  out.  ventral  view  ;  li  cross  section  or  glossa  showing  lis 
im-aglnated  channel  (Lnjr)  and  position  of  rod  (r)  along  Its  dorsal  null,  and  likewise 
position  of  channel  (I)  of  rod  along  median  line  within  the  glossal  channel;  F.  end  ol 
montum  (IfO  and  Imses  of  llgula  i/,!/i  and  labial  palpi  tl.lil'lp),  showing  opening 
of  salivary  duct  IHalftO).  dorsal  view:  (!,  Interal  view  of  proboscis  showing  parts  on 
left  side:  II.  lateral  view  of  glossa  |Uls>  with  Its  rod  <ri  torn  iiwav  nt  bise  showing 
attachment  of  retractor  muscles   UHilci). 

by  means  of  which  the  Itee  takes  up  liquid  food,  consists  of  what  cor- 
respond with  the  maxilla'  and  the  labium  of  insects  that  feed  on  solid 
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food  alone.  By  separating  the  parts  of  the  proboscis  a  little  (fig. 
9  B)  it  will  be  seen  that,  while  there  are  five  terminal  pieces  present, 
three  of  them  arise  from  one  median  basal  sclerite  (Mt),  the  two 
wider  lateral  appendages  (Mx)  being  carried  each  by  a  separate  lat- 
eral basal  piece  (St).  The  median  group  constitutes  the  labium  and 
the  separate  lateral  parts  the  maxillw. 

If  the  reader  will  now  turn  again  to  figure  3  C  (p.  17),  which  may 
represent  any  generalized  insect  labium,  and  compare  with  it  the 
drawing  of  the  bee  labium,  forming  the  median  series  of  parts  in  fig. 
15  D,  he  will  at  once  be  able  to  identify  the  parts  of  the  latter.  The 
principal  elongate  median  basal  plate  is  the  mentum  (Aft),,  the  small 
triangular  plate  at  its  base  is  the  suhmentum  (Smt),  and  the  two 
jointed  lateral  appendages  of  the  mentum  are  the  labial  palpi 
(LbPlp)^  each  carried  by  a  basal  palpiger  (Pig).  It  is  only  the  parts 
of  the  bee's  labium  that  lie  between  the  palpi  which  are  actually 
different  from  those  in  the  generalized  diagram  where  they  consist 
of  the  four  lobes  of  the  ligula  (Gls  and  Pgl).  But  even  here  it  will 
be  seen  that  the  two  small  lobes  (Pgl)  in  the  bee's  labium,  partly  con- 
cealed within  the  bases  of  the  palpi,  correspond  with  the  paraglossa. 
Hence  wTe  have  only  the  long  median  appendage  to  account  for  and  it 
is  unquestionably  the  representative  of  the  glossce  (Gfo)  which  are 
here  fused  together  and  drawn  out  into  this  flexible  tonguelike  organ. 
In  fact,  a  comparison  with  the  mouth  parts  of  other  Hymenoptera  in 
which  the  elements  are  much  less  modified  leaves  no  doubt  of  this 
being  the  true  interpretation  of  the  bee's  labium.  It  is  simply  an 
example  of  howT  nature  constantly  prefers  to  modify  an  already  exist- 
ing part  to  serve  some  new  purpose  rather  than  to  create  a  new  organ. 

If,  then,  we  bear  in  mind  that  the  slender  median  appendage  of 
the  bee's  labium  represents  the  glossa?  of  other  insects,  we  may  for 
convenience  call  it  the  "  tongue,"  as  it  is  popularly  termed,  or,  since 
it  is  a  single  organ,  there  is  probably  no  grammatical  objection  to 
calling  it  the  glossa.  The  word  "  tongue,"  howrever,  to  use  it  prop- 
erly, should  be  applied  to  the  true  lingua  or  hypopharynx  (fig.  3  C 
and  D,  Hphy)  which  arises  from  the  upper  surface  of  the  labium. 
Many  of  the  older  entomologists,  adopting  the  notion  from  Kirby 
and  Spence,  who  defined  the  term  in  1826,  regarded  the  glossa  of 
the  bee  as  the  homologue  of  the  lingua  in  other  orders.  Even  Pack- 
ard in  his  Text-book  of  Entomology  calls  the  glossa  the  "  hypo- 
pharynx."  Cheshire  named  it  the  "  ligula,"  and  his  mistake  has  been 
perpetuated  by  several  other  writers  on  bee  anatomy,  including  Cook 
and  Cowan.  The  term  ligula  properly  includes  both  the  glossa  and 
the  paraglossse,  or  should  signify  the  basal  piece  from  which  these 
four  lobes  arise  (fig.  3  C,  £</),  so  that  it  can  not  be  applied  to  the 
glossa  alone. 
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The  derivation  of  anatomical  names  counts  for  nothing  in  their 
application — this  must  be  determined  by  scientific  usage  and  priority. 
Thus,  glo88a  is  the  Greek  word  for  "  tongue,"  but  it  was  first  applied 
in  entomology  to  the  median  lobes  of  the  labium ;  lingua  is  its  equiva- 
lent in  Latin  and  was  first  given  to  the  true  tongue  or  hypopharynx 
in  insects ;  ligula  is  a  diminutive  derivative  from  u  lingua  "  and  has 
come  to  be  applied  collectively  to  the  terminal  parts  of  the  labium 
beyond  the  mentum  but  not  including  the  palpi.  Hence,  all  these 
words  mean  the  same  thing  by  their  origins,  but  their  anatomical 
applications  should  be  carefully  distinguished.  In  this  paper  there- 
fore the  slender  median  appendage  (GU)  of  the  labium  will  be 
called  the  glossa,  or,  for  convenience,  the  tongue,  but  with  the  strict 
understanding  that  the  organ  in  question  is  not  the  true  tongue. 
This  latter  should  be  called  the  "  hypopharynx,"  but,  as  will  be  shown 
later,  it  is  absent  in  the  bee. 

The  glossa  of  the  bee  (figs.  9  B;  11  A  and  B,  and  15  D,  F,  and  G, 
GU)  is  covered  with  long  hairs  which  increase  in  length  toward  the 
end.  The  tip  is  formed  of  a  small  spoon-shaped  lobe,  the  labellum  or 
bauton  (Lbl),  which  is  covered  by  short  delicate  processes  branched 
at  their  ends  (fig.  15  A  and  B,  Lbl).  The  long  hairs  of  the  glossa 
are  arranged  in  circles  and  the  transverse  rows  of  hair  bases  give 
the  tongue  a  multiarticulate  appearance.  Surrounding  the  dorsal 
side  of  the  base  of  the  labella  and  forming  two  short  subterminal 
rows  on  the  ventral  side  of  the  glossa  are  a  number  of  stiff,  out- 
wardly curved,  spinelike  hairs  (Hr).  These  hairs  have  been  de- 
scribed as  taste  organs,  but  their  appearance  would  suggest  that  they 
are  simply  protective  spines  guarding  the  delicate  tip  of  the  tongue. 
Between  the  two  ventral  rows  of  these  spines  is  the  termination  of 
a  groove  (A,  k)  which  extends  along  the  midline  of  the  under  sur- 
face of  the  glossa  (D,  k)  to  its  base  (fig.  9  B,  k).  The  cleft  of  this 
groove  is  covered  by  two  fringes  of  converging  hairs  whose  tips  are 
inclined  also  toward  the  tip  of  the  tongue. 

Let  us  now  return  to  a  study  of  figure  15  D.  The  series  of  lateral 
pieces  as  already  explained  are  the  maxillae.  A  comparison  with 
figure  3  B  representing  a  generalized  maxilla  will  show  that  these 
organs  in  the  bee  have  suffered  a  greater  modification  than  has  the 
labium,  but  the  parts  can  yet  be  quite  easily  made  out.  The  main 
basal  plate  (St)  is  the  combined  stipes,  subgalea,  and  palpi fer,  the 
basal  Stalk  is  the  car  do  (Cd),  and  the  little  peglike  process  (MxPlp) 
at  the  outer  end  of  the  stipes  is  the  greatly  reduced  maxillary  palpus. 
Hence,  we  have  left  only  the  terminal  bladelike  lobe  (Mx)  to  account 
for,  and  it  is  evident  that  it  must  be  either  the  galea  or  the  lacinia 
(see  fig.  3  B,  Ga  and  Lc)  or  these  two  lobes  combined.  Here  again 
a  comparative  knowledge  of  the  mouth  parts  of  Hymenoptera  comes 
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to  our  aid  and  shows  clearly  that  the  part  in  question  is  the  outer 
lobe  or  galea,  for  the  inner  one  becomes  smaller  and  smaller  in  the 
higher  members  of  the  order  and  finally  disappears. 

The  base  of  the  submentum  is  connected  in  the  bee  with  the  upper 
ends  of  the  cardines  by  a  flexible,  widely  V-shaped  band,  the  lorum 
(Z>).  The  posterior  angle  of  the  submentum  rests  in  the  apex  of  the 
lorum,  while  the  tips  of  the  loral  arms  are  movably  articulated  with 
the  distal  ends  of  the  cardines.  The  name  "  lora  "  was  given  to  this 
structure  by  Kirby  and  Spence,  but  "  lorum  "  is  more  correct,  since 
this  is  the  Latin  form  of  the  word  (meaning  a  thong  or  lash).  Some 
recent  entomologists  have  spoken  of  the  structure  as  consisting  of 
two  rods,  thus  making  the  word  do  duty  as  a  plural,  but  the  thing 
itself  is  all  one  piece.  Cheshire  and  some  others  have  incorrectly 
applied  the  name  to  the  submentum. 

The  lorum  is  peculiar  to  the  Hymenoptera,  and  the  reason  for  it 
is  clear  when  weexamine  the  attachments  of  the  parts  of  the  proboscis 
to  the  head.  As  already  stated,  the  maxillae  and  labium  are  sus- 
pended in  a  large  cavity  on  the  back  of  the  head  which  may  be  called 
the  fossa  of  the  proboscis  (fig.  9  B,  PrbFs).  The  maxillae  are  articu- 
lated by  their  cardines  (Cd)  to  the  maxillary  suspensoria  (fig.  11 
A,  e)  at  the  upper  edges  of  the  side  walls  of  the  fossa.  The  labium, 
on  the  other  hand,  is  not  attached  to  the  solid  walls  of  the  cranium 
but  is  suspended  in  the  membranous  floor  of  the  fossa.  This  is  to 
afford  it  freedom  of  movement  during  feeding,  but,  in  order  to 
give  it  more  substantial  support  and  to  make  the  regulation  of  its 
motions  possible,  the  submentum  is  slung  to  the  ends  of  the  cardines 
by  the  lorum. 

The  terminal  lobes  of  the  labium  and  maxillae  when  not  in  use 
are  ordinarily  folded  down  beneath  the  head  against  the  mentum 
and  stipites  (fig.  19).  When,  however,  the  bee  wishes  to  imbibe  a 
thick  liquid  such  as  honey  or  sirup  in  large  quantity,  these  parts  are 
straightened  out  and  held  close  together  so  as  to  form  a  tube  between 
them  leading  into  the  mouth,  the  terminal  joints  of  the  labial  palpi 
alone  diverging  from  the  rest  (fig.  11  A). 

The  action  of  the  mouth  parts  while  feeding  may  be  observed  quite 
easily  if  some  bees  are  given  a  small  amount  of  honey  and  then 
watched  through  a  lens  while  they  are  eating.  A  most  convenient 
method  is  to  put  a  fewT  workers  in  a  small  screen-covered  cage,  such 
as  are  used  for  queen  nurseries,  spread  a  small  drop  of  honey  on  the 
wire,  and  then  place  the  cage  under  a  simple  microscope.  It  will  be 
seen  that  the  maxillae  are  held  almost  stationary  but  that  the  base 
of  the  labium  slides  back  and  forth  between  the  maxillary  bases 
with  a  very  regular  to-and-fro  movement  as  if  the  honey  were  being 
either  pumped  or  sucked  up  into  the  mouth.  It  is  probable  that  there 
is  a  sucking  force  exerted  by  the  pharynx  (fig.  11  B,  Phy)  but  not 
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by  the  honey  stomach  (fig.  44,  IIS),  which  latter,  as  Cheshire  re- 
marks, could  no  more  suck  honey  through  the  oesophagus  than  a 
balloon  could  suck  gas  from  a  pipe.  The  liquid  undoubtedly  runs 
up  the  temporary  tube  between  the  blades  of  the  mouth  parts  first 
by  capillary  attraction,  but  it  must  be  greatly  assisted  along  its  way 
to  the  mouth  by  the  retraction  of  the  labium.  The  load  brought  up 
when  this  is  pulled  back  is  them  sucked  into  the  mouth  by  the 
pharynx  while  the  labium  immediately  goes  out  again  after  moft. 
It  acts  thus  as  a  sort  of  mechanical  feeder  and  this  function  is  prob- 
ably derived  from  the  lapping  motion  of  the  under  lip  in  wasps  and 
hornets. 

The  mentum  (fig.  15  I)  and  G,  Mt)  is  hinged  freely  upon  the 
submentum  (Smt),  the  latter,  as  already  described,  is  set  into  the 
socketlike  angle  of  the  lorum,  while,  finally,  the  arms  of  the  lorum 
are  articulated  to  the  distal  ends  of  the  cardines  of  the  maxillae. 
Now,  when  the  labium  is  retracted  by  means  of  muscles  attached  to 
the  mentum,  the  submentum  turns  in  the  loral  socket  and  assumes  a 
position  at  right  angles  to  the  mentum  while  the  lorum  itself  turns 
somewhat  on  its  articulations  with  the  cardines.  This  great  freedom 
of  motion  is  permitted  by  the  loose  membrane  of  the  fossa  in  which 
both  the  maxillae  and  the  labium  are  suspended. 

The  observer,  however,  can  not  fail  to  note  that  beside  this  motion 
of  the  entire  labium  the  tongue  itself,  or  glossa  (67a),  performs  a 
conspicuous  independent  movement  of  its  own.  It  is  by  far  the  most 
active  member  of  the  mouth  parts  during  feeding,  being  actively 
thrust  out  and  retracted  while  its  tip  is  constantly  moved  about  in 
a  way  suggestive  of  its  being  delicately  perceptive  of  taste  or  touch 
or  perhaps  to  both  of  these  senses.  So  great  is  the  retractile  power 
of  the  tongue  that  its  tip,  which  normally  extends  far  beyond  the  end 
segments  of  the  labial  palpi,  can  be  drawn  back  entirely  within  the 
latter.  This  contractile  activity  appears  at  first  sight  to  be  due  to 
elasticity,  but  a  closer  examination  will  show  that  the  entire  ligula, 
i.  e.,  the  paraglossae  (Pffl)  as  well  as  the  glossa  (67*),  moves  back 
and  forth  and  that  the  action  is  due  to  a  retraction  of  the  base  of  the 
ligula  (fig.  15  F,  Lg)  into  the  anterior  end  of  the  mentum  (Mt). 
The  ligula  is  supported  on  a  membranous  cone  at  the  end  of  the 
mentum  whose  walls  are  strengthened  by  three  thin  chitinous  plates, 
two  above  (F,  p)  and  one  below  (D,  o).  By  the  contraction  of 
muscles  situated  within  the  mentum  (fig.  16,  lRMcl)  and  inserted 
upon  the  base  of  the  ligula  the  latter  is  pulled  into  the  end  of  this 
cone  whose  walls,  including  the  chitinous  plates,  simply  turn  inward. 

But  the  tongue  does  possess  also  a  contractile  power  of  its  own  by 
means  of  which  it  actually  shortens  its  length.  A  flexible  rod  arising 
from  the  median  ventral  supporting  plate  (fig.  15  I),  o)  of  the  ligula 
extends  throughout  its  length.    The  base  of  this  rod  is  curved  down- 
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ward  and  has  two  muscles  attached  to  it.  This  is  shown  by  figure 
15  H,  where  the  rod  (r)  is  torn  from  the  glossa  (67«)  basally  so  as 
to  show  the  muscles  {2RMcl)  inserted  upon  it  and  its  connection 
with  the  plate  (o).  By  the  contraction  of  the  muscles  the  rod  bends 
at  its  base  and  is  drawn  back  into  the  mentum.  The  glossa  thus 
shortens  and  becomes  bushy  just  as  does  a  squirrel's  tail  when  one 
attempts  to  pull  the  bone  out  of  its  base. 

The  protrusion  of  the  parts  is  due  to  the  pressure  of  blood  driven 
into  the  ligula  from  the  mentum,  while  probably  the  glossa  extends 
also  by  the  straightening  of  its  rod  as  the  muscles  relax.  Wolff 
described  a  protractor  muscle  at  the  base  of  the  ligula.  The  rod  of 
the  tongue  is  certainly  not  in  itself  contractile,  as  supposed  by 
Cheshire,  who  looked  for  evidence  of  muscular  striation  in  it.  It  has 
mostly  a  transparent  and  cartilaginous  appearance,  but  is  presumably 
chitinous. 

The  mouth  parts,  their  action  in  feeding,  and  the  muscular  mech- 
anism by  which  they  are  moved  have  been  elaborately  described 
and  illustrated  by  Wolff  (1875)  in  his  monograph  on  the  organs  of 
smell  in  bees.  Most  unfortunately,  however,  Wolff's  paper  was 
written  to  show  that  the  seat  of  the  sense  of  smell  is  in  the  mouth, 
a  most  erroneous  notion,  and  the  title  of  his  paper  based  on  this 
notion  has  caused  little  attention  to  be  paid  to  this  work  on  the  mouth 
parts  of  the  bee,  which  is  one  of  the  best  anatomical  treatises  ever 
produced  on  the  mouth  parts  of  any  insect. 

It  still  remains  for  us  to  describe  the  details  of  the  glossa  and  its 
particular  function  in  feeding.  The  tongue  is  not  a  solid  appendage 
nor  yet  is  it  truly  tubular.  A  compromise  is  effected  by  the  longi- 
tudinal groove  (fig.  15  A  and  D,  k)  on  its  ventral  surface  which 
expands  within  the  tongue  into  a  large  cavity  occupying  half  of  its 
interior  (E,  Lum).  The  glossal  rod  (r),  which  has  already  been 
mentioned,  lies  in  the  dorsal  wall  of  this  channel  and  is,  hence, 
really  not  an  internal  but  an  external  structure.  The  rod  is  itself 
grooved  along  its  entire  ventral  length  (E,  I)  and  this  groove  again 
is  converted  into  a  tube  by  two  rows  of  short  hairs  which  converge 
from  its  margins.  The  lips  of  the  ventral  groove  of  the  glossa  are 
so  deeply  infolded  that  its  cavity  is  almost  divided  along  the  midline. 
Hence,  the  glossa  might  be  described  as  containing  three  channels — 
a  small  median  dorsal  one  (I)  and  two  large  latero-ventral  ones 
(Lum). 

The  glossal  rod  (fig.  15  C,  r)  is  very  flexible  but  not  contractile,  as 
already  stated,  and  is  mostly  clear  and  cartilaginous  in  appearance, 
its  ventral  groove  (Z)  alone  being  lined  by  a  deposit  of  dark  chit  in 
(fig.  15  C  and  E).  Its  shape  in  section  is  sufficiently  shown  by  the 
figures.  The  walls  of  the  large  channels  of  the  proboscis  consist  of 
a  delicate  membrane  (C  and  E,  q)  covered  with  very  small  hairs. 
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The  entire  ventral  cavity  (Lum)  with  the  rod  (r)  can  be  evaginated 
through  the  ventral  cleft  (k)  by  blood  pressure  from  within.  A* 
Cheshire  points  out,  this  permits  of  the  channels  being  cleaned  in 
case  of  clogging  by  pollen  or  any  foreign  matter. 

It  is  supposed  that  these  glossal  tubes  are  of  especial  service  to  the 
bee  by  enabling  it  to  take  up  the  smallest  drops  of  nectar-  -quantities 
that  would  be  lost  in  the  clumsy  tube  formed  between  the  parts  of 
the  Jabium  and  the  maxillae.  The  suction  must  be  in  large  part 
capillary  attraction,  but  here  again  the  shortening  of  the  glossa  by 
the  retraction  of  its  rod  must  squeeze  the  contained  nectar  out  of  the 
upper  ends  of  the  channels  where  it  is  received  upon  the  ventral  flaps 
of  the  paraglossae  (fig.  15  F,  Pgl),  from  which  it  runs  around  the 
base  of  the  tongue  (Gls)  within  the  paraglossa?  to  the  dorsal  side  of 
the  mentum  (Mt)  and  so  on  to  the  mouth. 

The  maxillae  and  labium  of  both  the  queen  and  the  drone  (fig.  11 
B)  are  smaller  and  weaker  than  those  of  the  worker,  and  neither  of 
these  two  forms  is  capable  of  feeding  itself  to  any  extent.  If  a 
hungry  queen  be  given  some  honey  she  attempts  to  eat  it  and  does 
imbibe  a  small  quantity,  but  at  the  same  time  she  gets  it  very  much 
smeared  over  her  head  and  thorax. 

The  mouth  is  hard  to  define  in  insects;  practically  it  is  the  space 
surrounded  by  the  bases  of  the  mouth  parts,  but  strictly  speaking  it 
is  the  anterior  opening  of  the  alimentary  canal  situated  behind  the 
bases  of  the  mouth  parts  (fig.  19,  Mth).  Yet  the  enlargement  of  the 
alimentary  canal  (Phy)  immediately  following  this  opening  is  never 
spoken  of  as  the  mouth  cavity  but  is  called  the  pharynx.  On  the 
other  hand  the  so-called  epipharynx  (Ephy)  and  hypopharynx 
(absent  in  the  bee)  are  located  in  front  of  this  opening  and  are  con- 
sequently not  in  the  pharynx  at  all,  the  former  being  attached  to  the 
under  surface  of  the  labrum  and  clypeus,  while  the  latter  is  situated 
on  the  upper  surface  of  the  base  of  the  labium.  These  and  numerous 
other  inconsistencies  in  the  nomenclature  of  insect  morphology  have 
to  be  endured  because  the  parts  were  originally  named  for  descrip- 
tive purposes  by  entomologists  who  were  not  familiar  with  scientific 
anatomy.  In  this  paper  the  term  mouth  will  be  applied  to  the  true 
oral  opening  (fig.  19,  Mth).  The  space  in  front  of  it  between  the 
bases  of  the  mouth  parts  may  be  called  the  preoral  cavity. 

The  duct  of  the  salivary  glands  of  insects  in  general  opens  upon  the 
base  of  the  labium  in  front  of  the  hypopharynx.  In  the  honey  bee 
the  salivary  opening  is  on  the  dorsal  side  of  the  base  of  the  ligula 
between  the  paraglossae  (fig.  15  F,  Sal  DO).  This  alone  would  show 
that  the  glossa  is  not  the  hypopharynx  of  the  bee,  as  many  authors 
have  supposed,  for  otherwise  the  opening  of  the  salivary  duct  should 
be  ventrad  to  the  base  of  the  glossa.     In  fact,  this  makes  it  clear  that 
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the  bee  does  not  possess  a  hypopharynx.  There  is,  however,  a  con- 
spicuous chitinous  plate  located  on  the  anterior  part  of  the  floor  of  the 
pharynx  (fig.  19,  s)  having  two  terminal  points  hanging  downward 
over  the  lower  lip  of  the  oral  aperture,  but,  although  this  plate  is  truly 
hypopharyngeal  in  position,  it  is  not  the  homologue  of  the  organ 
called  the  hypopharynx  in  other  insects.  It  is  variously  developed 
in  all  Hymenoptera,  being  simply  a  chitinization  of  the  floor  of  the 
pharynx,  and  should  be  called  the  pharyngeal  plate  (Schlundbein  of 
Wolff).  It  will  be  more  fully  described  in  connection  with  the  ali- 
mentary canal.  If  a  hypopharynx  were  present  it  should  be  situated 
on  the  upper  side  of  the  labium  (see  fig.  3  D,  Hpky)  but  there  is  here 
present  only  a  plain  arched  membranous  surface  in  the  honey  bee 
and  other  typical  Hymenoptera. 

The  external  location  of  the  salivary  opening  enables  the  saliva 
to  be  mixed  with  the  food  before  the  latter  enters  the  mouth.  This 
is  necessary  in  insects  since  the  jaws  are  also  on  the  outside  of  the 
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Via.   16. — Medina  section  through  distal  hall  of  m 

ntum    (Jft)   and  base  of  llgula    {Lg) 

ot  worker,   showing  opening   of   salivary   duct    ( 

airiO),   and   muscles  connected   with 

llgula  and  the  "salivary  syringe  "   it). 

mouth,  and  whatever  chewing  or  crushing  the  food  receives  from 
them  is  consequently  done  in  the  preoral  cavity. 

In  some  insects  the  saliva  is  used  for  other  purposes  than  diges- 
tion. For  example,  the  saliva  of  some  predaceous  insects  with  pierc- 
ing mouth  parts  belonging  to  the  order  Hemiptera  is  poisonous,  and 
when  one  of  these  insects  "  bites,"  the  saliva  is  injected  into  the 
wound  by  a  special  pump.  The  bite  of  the  mosquito  is  made  painful 
likewise  by  an  irritant  secretion  from  a  part  of  the  salivary  glands. 
Bees  appear  to  have  the  power  of  letting  their  saliva  run  down  the 
tongue  when  necessary  to  dissolve  a  hard  substance  like  sugar  and 
render  it  capable  of  being  taken  up  in  solution,  for  they  do  not  eat 
sugar  with  their  mandibles.  Moreover,  there  is  even  a  sort  of  pump 
or  so-called  "  salivary  syringe  "  at  the  termination  of  the  salivary 
duct  in  the  ligula,  by  means  of  which  the  secretion  can  be  forcibly 
ejected  from  the  opening. 

The  salivary  opening  on  the  base  of  the  Iigula  (fig.  15  F,  SalDO) 
leads  into  a  deep  transverse  pit  with  collapsible  cartilage-like  walls 
having  its  deepest  part  turned  horizontally  toward  the  base  of  the 
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labium  (fig.  16,  t).  The  salivary  duct  (SalD)  bends  downward  in 
the  anterior  part  of  the  meiitum  (Mt)  and  opens  into  the  posterior 
end  of  the  pit  (*).  When  the  retractor  muscles  (IRMcl)  of  the 
ligula  pull  the  latter  back  into  the  mentum  the  lips  of  the  salivary 
pit  must  necessarily  be  closed.  The  simultaneous  contraction  of  the 
elevator  muscle  (u)  attached  to  the  roof  of  the  horizontal  part  of  the 
pit  must  expand  the  latter  and  suck  the  saliva  from  the  salivary  duct. 
When,  finally,  these  muscles  relax  and  the  ligula  is  driven  out  by 
blood  pressure  in  the  mentum,  probably  produced  in  part  by  the 
contraction  of  its  dorsal  transverse  muscles  (TMcl),  the  saliva  in 
the  temporarily  formed  bulb  must  be  squirted  out  upon  the  base  of 
the  tongue.  Wolff  (1875)  calls  each  dorsal  longitudinal  muscle  of 
the  mentum  (IRMcl) — the  two  inserted  upon  the  basal  hooks  (n)  of 
the  glossa  (fig.  15  H  and  fig.  16) — the  retractor  Unguis  longus.  The 
large  ventral  retractor  muscle  of  each  side  (SRMci)  he  calls  the 
retractor  lingua:  biceps  since  its  anterior  end  divides  into  two  parts, 
one  of  which  is  inserted  by  a  tendonous  prolongation  upon  the  base 
of  the  glossal  rod  (fig.  15  H  and  fig.  16,  r)  and  the  other  upon  the 
base  of  the  ligula.  The  use  of  the  word  "  lingua  "  in  these  names  is 
objectionable  because,  as  already  explained  (page  45),  the  lingua  is 
properly  the  true  tongue  or  hypopharynx.  "  Ligula; "  should  be  sub- 
stituted for  "  linguae."  The  dilator  muscle  (fig.  16,  u)  of  the  salivary 
pit  (t)  is  termed  the  protractor  lingua;  by  Wolff  because,  as  he  sup- 
poses, when  the  ligula  is  pulled  back  into  the  mentum  the  position 
of  this  muscle  is  reversed,  so  that  a  contraction  of  its  fibers  would 
help  to  evert  the  ligula. 

The  glands  that  furnish  the  saliva  lie  within  the  head  and  the 
thorax  and  will  be  described  later  in  connection  with  the  alimentary 
canal  and  the  process  of  digestion. 
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The  epipharynx  of  insects  in  general  may  be  described  as  a  dorsal 
tongue,  it  being  a  median  lobe  developed  on  the  roof  of  the  preoral 
cavity  from  the  under  surface  of  the  clypeus  or  labruni  and  situated 
opposite  the  hypopharynx. 
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The  epipharynx  of  the  bee  is  a  large  three-lobed  appendage  de- 
pending from  the  roof  of  the  preoral  cavity  just  in  front  of  the  month 
(fig.  19,  Ephy).    Seen  from  below  it  is  triangular  (fig.  17  A)   with 
the  apex  forward.    Its  median  lobe  has  the  form  of  a 
K     ,'&     high,  vertical,  keel-like  plate,  while  the  lateral  lobes 
■*'   t*V     are  rounded  but  have  prominent  elevated  edges  con- 
/?        y  verging  toward  the  front  of  the  keel.    The  appearance 

W  in  anterior  view  is  shown  by  figure  1"  B.     Situated 

* 'orBan^^m^b*  on  ™e  posterior  parts  of  the  lateral  lobes  are  a  num- 
Kbiy  of  (aate,  ber  of  sense  organs,  each  consisting  of  a  small  cone 
pharynx.  *  P  "    w'tn  a  P'*  m  *'ie  summit  bearing  a  small  hair  (fig.  18). 

These  are  regarded  as  organs  of  taste. 

Wolff   (1875)    made  a   most  thorough  study  of  the  epipharynx, 

which  he  called  the  "palate  sail"  (Gaumensegel)  on  account  of  the 

high  median  crest.     His  drawing  is  the  standard  illustration  of  the 

organ  found  in  nearly  all  books  on  the  anatomy  of  the  honey  bee 


Fks.  1!'.— Mi-diuD  longitudinal  section  of  luHd  o[  worker,  but  with  entire  labium  attached. 

and  in  most  works  on  general  insect  anatomy  and  the  sense  organs, 
Wolff,  however,  regarded  the  sensory  cones  as  having  an  olfactory 
function,  and  this  led  him  to  erroneous  conclusions  regarding  the 
functions  of  several  other  organs.  For  example,  he  thought  that 
the  mandibular  glands   poured  a  liquid   upon  the   surface  of   the 
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epipharynx  which   kept  it   moist  and '  capable  of  absorbing  odor 
particles,  while  he  ex-  a„. 

plained  the  inhalation 
of  the  latter  into  the 
preoral  cavity  as 
brought  about  through 
the  contraction  of  the 
air  sacs  situated  about 
the  mouth.  Wolff's 
anatomical  researches 
are  without  doubt 
some  of  the  best  ever 
made  on  the  bee,  and 
it  is  due  to  his  mis- 
taken idea  of  the  loca- 
tion of  the  sense  of 
smell,  which,  as  al- 
ready explained,  is  on 
the  antenna1,  that  we 
have  received  from 
him  a  most  excellent 
account  and  detailed 
drawings  not  only  of 
the  epipharynx  but  of 
the  mandibular  glands, 
the  mouth  parts,  the 
salivary  "  pump,"  and 
the  respiratory  organs. 


1,    THE    STRUCTURE    OF 
THE  THORAX. 

The  apparent  thorax 
of  the  bee  (fig.  20, 
TX-IT,  and  fig.  21) 
and  of  most  other 
Hymenoptera  is  not 
exactly  the  equivalent 
of  the  thorax  in  other 
insects.  The  middle 
division  of  the  body, 
so  conspicuous  in  this 
order,  consists  not  only  of  the  three  leg-bearing  segments,  i 


i.  20. — Dorsal  view  o 
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constitute  the  thorax  of  all  other  insects,  but  also  of  the  first  ab- 
dominal segment.  The  conspicuous  necklike  constriction  posterior  to 
the  base  of  the  hind  legs  (fig.  21,  Pd)  is,  therefore,  between  the  fir-t 
and  the  second  abdominal  segments  (fig.  1,  IT  and  IIT). 

The  thorax  of  the  honey  bee  at  first  sight  looks  entirely  different 
in  structure  from  that  of  all  other  insects  except  related  Hymenoptera, 
in  the  higher  families  of  which  group  it  is  more  highly  modified  than 
in  any  other  order  of  the  whole  series  of  insects.  When,  however,  we 
examine  the  thorax  of  one  of  the  lowest  members  of  the  Hymenop- 
tera, such  as  a  sawfly,  we  are  surprised  to  find  that,  in  each  segment, 
the  structure  agrees  very  closely  with  our  ideal  diagram  of  a  general- 

ized  thoracic 
'2  segment  (fig. 4). 

I ^ 1  J3     m       The    three    seg- 

ments are  per- 
fectly distinct, 
and  -  the  first 
abdominal  seg- 
ment, while  it 
may  be  clearly 
separated  from 
the  rest  of  the 
abdomen,  is  not 
fused  into  the 
thorax  so  as  to 
appear  to  be  a 
part  of  it.  If, 
now,  we  exam- 
ine representa- 
tives of  several 
Fw.  21. — Thorn  x  of  worker,  left  side,  with  Intersegments  I  lines       ,       ... 

xomewhut    euiEKerated,    allowing    prothornx     (I",,    Epau    Ct,}.       families        inter- 

Epm*  k3,  c*s),  metathom*  (t,,  Ph,     mediate  between 

■    ■-  ■—  -ibdomlnnl  segment  {IT).  __. 

the  sawflies  and 

the  bees,  the  line  of  specialization  that  has  produced  the  bee  thorax 
becomes  perfectly  evident.  The  principal  features  in  these  modifi- 
cations are  the  following: 

(1)  The  lateral  and  ventral  parts  of  the  prothorax  (figs.  20  and  21, 
Eps1  and  5j)  are  suspended  loosely  in  a  large  membranous  area 
which  is  continuous  anteriorly  as  the  neck.  They  thus  form  a  sort 
of  suspeiisorium  for  the  front  legs,  which  appears  detached  from  the 
rest  of  the  thorax.  (2)  The  protergum  (7\)  is  solidly  attached  to 
the  anterior  edge  of  the  mesothorax  and  its  lateral  parts  extend 
downward  till  they  meet  on  the  venter  behind  the  prosternum  (figs. 
20  and  21).  (3)  The  postnotum  (post scut ellum)  of  the  mesothorax 
(figs.  22,  PN  ;  23  A,  PN2)  is  entirely  invaginated  into  the  cavity  of 
the  thorax  and  is  reduced  to  the  form  of  two  lateral  arms  of  the  large 
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internal  poslphragma  (Pph)  which  has  no  median  tergal  connection 
at  all.  (4)  The  metatergum  (figs.  21  and  23  A,  jT8)  consists  of  a 
single  narrow  plate.  (5)  The  metapleurum  (fig.  21,  Pl^  and  plz) 
shows  no  trace  of  a  division  into  episternum  and  epimerum,  but  is 
divided  into  an  upper  (Plz)  and  a  lower  {plz)  pleural  plate.  (6) 
The  first  abdominal  tergum  (fig.  21,  IT)  is  solidly  attached  to  the 
metathorax  and  forms  an  intimate  part  of  the  thoracic  mass. 

We  shall  now  proceed  with  a  more  detailed  account  of  the  thorax, 
and  the  reader  should  occasionally  turn  back  to  figure  4  (p.  19)  in 
order  to  keep  clearly  in  mind  the  parts  that  make  up  a  generalized 
thoracic  segment. 

The  parts  of  the  prothorax  are  so  separated  from  each  other  that 
they  appear  to  belong  to  different  segments.  The  protergum  (fig.  21, 
7\)  forms  a  collar  completely  encircling  the  front  of  the  mesothorax. 
On  each  side  a  large  lobe  (w)  projects  posteriorly  as  far  as  the  base 
of  the  front  wing  and  constitutes  a  protective  shield  over  the  first 
thoracic  spiracle.  The  tergum  presents  a  median  transverse  groove, 
dividing  it  into  an  anterior  and  a  posterior  part,  which  parts  may 
be  called  the  scutum  (fig.  23  A,  7\,  Set)  and  scutellum  (Scl).  The 
propleurum  (figs.  20,  21,  Epsx)  consists  of  a  large  plate  presenting 
both  a  lateral  surface  (fig.  21)  and  a  ventral  surface  (fig.  20).  On 
account  of  the  position  of  the  coxal  articulation  (fig.  21)  this  plate 
would  seem  to  be  the  anterior  pleural  plate  alone  (see  fig.  4),  which 
is  the  episternum.  In  some  Hymenoptera  the  epimerum  is  repre- 
sented by  a  very  small  plate  on  the  rear. edge  of  the  episternum. 
The  anterior  ends  of  the  two  episterna  form  knobs  which  loosely 
articulate  with  the  occipital  region  of  the  head  (figs.  11  B,  20,  and 
21).  Lying  just  ventrad  of  each  is  a  slender  cervical  sclerite  (fig.  21, 
mi).  The  prosternum  (Sx)  is  shown  by  figure  20.  It  carries  a  large 
entosternum  (Fwt),  forming  a  bridge  over  the  nervous  system  behind 
the  prothoracic  ganglion  (fig.  52). 

The  mesotergum,  as  seen  in  its  natural  position  (fig.  21,  T2),  consists 
of  a  large  anterior  scutum  (Sct2)  and  of  a  smaller  but  very  prominent 
posterior  scutellum  (Scl2),  separated  by  a  very  distinct  suture  (r). 
The  scutellum  has  two  latero-anterior  areas  partially  separated  from 
the  median  area  by  sutures.  When  the  mesotergum  is  detached  from 
the  rest  of  the  thorax  (fig.  22)  it  is  discovered  that  there  is  attached 
laterally  to  the  scutellum  a  large  posterior  internal  part,  which  does 
not  show  on  the  surface  at  all.  This  is  the  representative  of  the 
postscutellum  (Pscl)  and  its  phragma  (Pph)  constituting  the  post- 
notum  (PN)  of  our  diagrammatic  segment  (fig.  4).  The  proof  of 
this,  again,  is  to  be  derived  from  a  study  of  the  lower  Hymenopteran 
families.  In  some  of  the  horntails  (Siricidae)  the  postnotum  or 
postscutellum  is  a  prominent  plate  on  the  surface  of  the  dorsum  be- 
hind the  scutellum.     In  Rirex  (Siricidse)  this  plate  is  sunken  below 
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the  general  surface  and  mostly  concealed  between  the  mesothorax 
and  the  metathorax.  In  higher  families  Much  as  the  Poinpilidse  the 
post  not  urn  of  the  mesotcrgum  is  entirely  concealed  by  invagination, 
but  it  still  carries  a  very  large  phragma.  When,  now,  we  come  to 
the  highest  members  of  the  order  we  find  that  the  median  part  of  the 
postnotum  in  the  mesothorax  is  gone  entirely  and  that  it  is  repre- 
sented only  by  the  lateral  amis  (figs.  22,  P.Y ;  23  A,  PN.)  carrying 
the  large,  purely  internal  postphragma  (Pph). 

The  mesoplenxum  is  large  and  consists  principally  of  the  episternuni 
(fig.  21,  Eps,),  which,  however,  is  continuously  fused  with  the  meso- 
sternum  (figs.  20  and  21,  St).  The  pleural  suture  (fig.  21,  PS:)  is 
short  and  sinuous  and  does  not  reach  more  than  half  way  from  the 
wing  process  to  the  base  of  the  middle  leg.  The  epimerum  is  reduced 
to  a  small  double  plate  lying  above  the  episternum  and  posterior  to 
the  wing  process  (figs.  21,  Epwin,  and  24  A,  Epm  and  Epm).  The 
pleural  ridge  (fig.  24  B,  PR) 
N  is  weak,  but  the  wing  process 

(WP)  is  well  braced  by  a  num- 
ber of  accessory  internal  ridges. 
One  preparapterum  (2P)  and 
one  postparapterum  (SP)  are 
present.  Lying  behind  the 
postparapterum  is  another 
larger  sclerite  (fig.  24  A  and 
B,  pn),  whose  anterior  end  is 
f.o.  22.-L.tml    view    of    mtrnttrjcnm    of     articulated  to  the  edge  of  the 

worker,  removed  from  thi?  rent  of  Ihorai  (o  6 

show   urge   internal   poatacuteiium    (poF.i-    epimerum  and  whose  posterior 

notum.    PX)    and    Its    phraRma    <j>pfe)    Dot      tapering     end     is     looselv     aSBSO- 

Tlslble  normally  In  the  hee  from  eiterlor.  .  **  *  .     - 

ciated  with  the  terminal  arms 
of  the  postnotuin  (fig.  22,  PX  and  pn).  This  sclerite  might  lie 
regarded  ns  the  fourth  paraptemm,  but  it  is  much  more  probably 
the  representative  of  a  small  terminal  bar  of  the  postnotum  present  in 
other  Hymenoptera,  such  as  Pcpsis,  which  connects  this  tergal  plate 
with  the  epimerum,  though  in  this  genus  it  is  not  detached  from  the 
main  postnotal  sclerite. 

Both  the  mesosteraum  (fig.  20,  S.,)  and  the  metasternum  (&,)  con- 
tribute to  the  formation  of  a  large  entosternum  (Fux+a),  which  forms 
a  protecting  bridge  over  the  combined  mesothoracic  and  metathoracic 
ganglia  (fig.  52)  and  affords  attachment  for  the  ventral  longitudinal 
muscles  of  the  thorax  (fig.  27,  Imcl). 

The  metathorax  consists  of  a  very  narrow  series  of  plates  (fig.  21, 
T3,  /V„  and  pl3)  compressed  between  the  mesothorax  and  the  first 
abdominal  tergum  (IT).  Its  back  plate  is  a  single, narrow,  transverse 
sclerite  (figs.  21  and  23 A,  Ts)  widening  on  the  sides,  where  it  carries 
the  wings  by  the  two  wing  processes  (fig.  23  A,  ANP  and  PUP).    The 
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ordinary  tergal  divisions  seem  to  be  entirely  obliterated.  The  meta- 
pleurum  consists  of  a  dorsal  plate  (fig.  21,  Pl3)  supporting  the  hind 
wing  and  of  a  ventral  plate  (pla)  carrying  the  hind  leg.  These  two 
functions  certainly  identify  these  two  plates  as  constituting  together 
the  mettipleuium,  but  there  is  absolutely  no  trace  of  a  division  into  an 
episternnm  and  an  epimerum.  Once  more,  therefore,  we  have  to  go 
back  to  the  generalized  Hymenoptera  to  find  out  what  has  happened. 


Scl 


Apn 


FiO.  23. — A,  thoracic  terga  of  worker  sppnrnted  from  one  another,  showing  protergum 
IT,),  meaoterguin  (1'iJ  un<l  Hi*  Jnlernal  posls< uti'llum  (i>o«(nulum  I'N,)  and  pliranma 
"•»>*»>.  metatergum  (T,)  and  propodeum  or  arst  abdominal  tprcum  (IT)  ;  B,  ventral 
view  of  principal  or  notal  plate  of  mesotergum. 

The  answer  is  simple.  Sirex  has  a  typical  metapleurum  consisting  of 
an  episternum  and  epimerum  separated  by  a  complete  pleural  suture. 
In  the  higher  forms  this  suture  simply  disappears,  and  consequently 
the  pleurum  shows  no  traces  of  its  original  component  plates.  The 
division  into  a  wing-bearing  and  a  leg-bearing  plate  is,  therefore,  a 
purely  secondary  one. 

None  of  the  Hymenoptera  has  separate  trochantinal  sclerites  (see 
fig.  4,  T-n),  but,  since  the  coxae  are  articulated  vent  rally  to  knobs 
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(figs.  20  and  21,  s)  apparently  belonging  to  the  sterna,  it  might  b? 
supposed  that  the  trochantins  have  fused  with  the  latter  plates. 

The  posterior  part  of  the  thoracic  mass  (fig.  21)  consists  of  the 
ftrrt  abdominal  tergnm  (IT),  which  fits  into  the  deeply  concave  pos- 
terior edges  of  the  metathorax  and  forms  the  peduncle  (Pd)  that 
carries  the  rest  of  the  abdomen  (fig.  32).  It  consists  of  a  single  large, 
strongly  convex  sclerite  (figs.  21  and  23  A,  IT)  bearing  the  firsi 
abdominal  spiracles  laterally  (ISp)  and  having  its  surface  divided 
into  several  areas  by  incomplete  sutures. 

Many  entomologists  find  it  difficult  to  believe  that  this  plate,  which 
so  apparently  belongs  to  the  thorax,  is  really  derived  from  the  abdo- 
men. But  the  proof  is  forthcoming  from  a  number  of  sources.  In 
the  first  place,  the  thorax  is  complete  without  it  and  the  abdomen  is 
incomplete  without  it,  the  latter  having  otherwise  only  nine  -seg- 
ments.    Again,  if  the  plate  is  reckoned  as  a  part  of  the  thorax  we 
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Fto.  24. — A,  tipper  pnrt  of  Ipft  meiioplpiiriim  of  worker.  pitpniBl ;  B,  Inner  view  of  aai». 

should  have  the  anomaly  of  a  thorax  with  three  pairs  of  spiracles — 
there  being  the  normal  two  on  each  side  situated,  as  they  always  are, 
between  the  true  thoracic  segments.  Furthermore,  comparative  anat- 
omy shows  us  that  in  some  of  the  sawflies  (Tenthredinida?)  the  first 
abdominal  tergum,  while  separated  by  a  wide  membranous  space 
from  the  second,  is  not  at  all  incorporated  into  the  thorax.  In  a  horn- 
tail  such  as  Sire  J!  (Siricida?)  the  entire  first  abdominal  segment  is 
fused  to  the  posterior  edge  of  the  metathorax  and  is  only  loosely 
joined  to  the  next  abdominal  segment  by  membrane.  This  insect 
affords,  therefore,  a  most  complete  demonstration  of  the  transference 
of  this  segment  from  the  rest  of  the  abdomen  to  the  thorax.  Finally, 
we  have  absolute  proof  of  its  abdominal  origin  based  on  a  knowledge 
of  development,  for  it  has  been  shown  by  Packard  from  a  study  of  the 
bumblebee  that  the  first  abdominal  segment  of  the  larva  is  trans- 
ferred during  the  pupal  metamorphosis  to  the  thorax  and  forms  the 


THE   THORAX  AND  ITS  APPENDAGES.  59 

part  under  discussion.  We  hence  see  that  not  only  the  first  abdomi- 
nal tergum  but  the  entire  segment  has  undergone  transposition, 
though  the  ventral  part  has  disappeared  in  all  the  higher  families. 
This  transferred  part  has  been  named  both  the  median  segment  and 
the  propodeum  by  writers  who  recognize  it  as  belonging  to  the  abdo- 
men and  not  to  the  thorax. 

The  names  current  among  systematists  for  the  back  plates  of 
Hymenoptera  afford  an  excellent  example  of  the  errors  that  ento- 
mologists may  be  led  into  through  an  ignorance  of  the  comparative 
anatomy  of  insects.  They  recognize  the  protergum  as  such  and  then, 
knowing  that  there  are  yet  two  segments  to  be  accounted  for,  they 
call  the  mesoscutum  the  "  mesonotum,"  the  mesoscutellum  the 
"  scutellum,"  the  metatergum  the  "  postscutellum  "  (being  unaware 
that  the  true  postscutellum  is  deeply  concealed  within  the  thorax), 
while  the  first  abdominal  tergum  is  called  the  metathorax.  Such 
a  nomenclature  assigns  both  pairs  of  wings  to  the  mesothorax.  Too 
many  systematists  working  in  only  one  order  of  insects  do  not  care 
whether  their  names  are  applied  with  anatomical  consistency  or  not. 

2.    THE  WINGS  AND  THEIR  ARTICULATION. 

In  the  study  of  insects  the  wings  always  form  a  most  interesting 
subject  because  by  them  insects  are  endowed  with  that  most  coveted 
function — the  power  of  flight.  It  has  already  been  stated  that  the 
wings  are  not  primary  embryonic  appendages,  but  are  secondary  out- 
growths of  the  body  wall  from  the  second  and  third  thoracic  seg- 
ments. Therefore  it  is  most  probable  that  the  early  progenitors  of 
insects  were  wingless,  yet  for  millions  of  years  back  in  geological  time 
they  have  possessed  these  organs  in  a  pretty  well  developed  condition. 

Nearly  all  of  the  insect  orders  have  some  characteristic  modifica- 
tion of  the  wing-veins  and  their  branches.  None  of  them,  however, 
departs  nearly  so  far  from  the  normal  type  as  do  the  Hymenoptera, 
even  the  lowest  members  of  this  group  possessing  a  highly  specialized 
venation.  Before  beginning  a  study  of  the  Hymenopteran  series 
which  leads  up  to  the  bee  the  student  should  first  turn  back  to  figure 
G  (p.  22)  and  again  familiarize  himself  with  the  generalized  condi- 
tion of  the  veins  and  the  articular  elements  of  the  wing.  By  com- 
paring, now,  with  this  diagram  the  basal  parts  of  the  wing  of  a 
sawfly  (Itycorsia  discolor,  fig.  26  A)  it  will  be  easy  to  identify  the 
parts  of  the  latter.  Vein  C  has  two  little  nodules  (C,  C)  cut  off  from 
its  basal  end  which  lie  free  in  the  axillary  membrane.  Vein  Sc  articu- 
lates by  an  enlarged  and  contorted  base  (Sc)  with  the  first  axillary 
(lAx),  while  vein  R  is  continuous  with  the  second  (2 Ax).  The  next 
two  veins  that  come  to  the  base  and  unite  with  each  other  are  appar- 
ently not  the  media  and  cubitus  but  the  first  and  third  anals  (1A  and 
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3 A)  j  since  they  are  associated  with  the  third  axillary  (3 Ax) .  In  this 
species  the  subcosta  (Sc)  is  entirely  normal,  but  in  the  related  horntail 
(Sirex  flavicorms,  fig.  26  B)  the  enlarged  basal  part  of  the  subcosta  is 
almost  separated  from  the  shaft  of  the  vein,  while  the  latter  (fig.  25 A, 
Sc)  is  short  and  weak.  A  study  of  the  venation  of  this  wing  leads 
us  to  believe  that  the  vein  which  arises  from  the  radius  a  short  dis- 
tance from  its  base  is  the  cubitus  (Cu).    Therefore  the  basal  part 
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Fio.  25. — Wings  of  Hymenoptera  and  their  basal  articular  sclerltes  (lAs-iAw)  :  A,  Sire* 
flavicornis,  front  wing;  B,  Pepsi*  sp.,  front  wing;  C,  honey  bee,  front  wing;  D,  honey 
bee,  hind  wing. 

of  the  media  is  either  gone  or  is  fused  with  the  radius.  Since  we  dis- 
cover its  branches  in  the  distal  field  of  the  wing,  arising  from  the 
trunk  of  the  radius,  we  conclude  that  the  latter  is  the  case.  By  this 
sort  of  reasoning  we  may  arrive  at  the  Comstock  and  Needham  inter- 
pretation of  the  wing  illustrated  at  /I,  fig.  25.  From  this  it  is  evident 
that  the  branches  of  both  the  radius  and  the  media  have  been  bent 
back  toward  the  posterior  margin  of  the  wing. 
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.Taking  this  wing  of  Sirex  as  a  foundation  let  us  proceed  a  little 
higher  and  examine  the  wing  of  a  Pompilid,  such  as  Pepsis  (figs. 
26  C  and  25  B).  We  observed  that  in  Sirex  (fig.  26  B)  the  basal 
part  of  vein  Sr  is  almost  separated  from  the  distal  shaft.  In  Pepms 
(fig.  26  C)  it  is  entirely  a  separate  piece,  to  which  is  fused  also  the 
base  of  vein  R.  Moreover,  the  shaft  of  Sc  has  disappeared  entirely 
(fig,  25,  B).  Thus  there  is  at  the  humeral  angle  of  the  wing  a  large 
chitinous  mass  (fig.  26  C,  So  and  R)  representing  the  fused  bases 
of  both  the  subcosta  and  the  radius,  which  is  .associated  with 
both  the  first  axillary  (lAx)  and  the  second  axillary  (2 Ax). 

If  now  we  proceed  to  a  study  of  the  front  wing  of  the  bee  we 
find  that  its  basal  characters  (fig.  26  F)  are  more  similar  to  those  of 
Sirex  (B),  while  its  venation  (fig.  25  C)  resembles  more  closely  that 
of  Pepsis  (B).  The  subcostal  scale  at  its  base  (fig.  26  F,  Sr)  is 
not  fused  with  the  base  of  the  radius,  but  the  distal  part  of  the 
subcosta  is  gone  (fig.  25  C),  as  in  Pepsis.  In  the  hind  wing  of  the 
bee  (fig.  26  II)  the  bases  of  the  subcosta  and  radius  are  fused  into 
one  large  humeral  mass  articulating  with  the  first  two  axillaries 
(lAx  and  2 Ax).  The  third  axillary  (3 Ax)  is  well  developed  but 
the  fourth  is  absent.  The  venation  (fig.  25  D)  is  reduced  to  a  very 
simple  condition,  but  to  one  just  the  opposite  from  primitive. 

The  details  of  the  axillaries  in  the  two  wings  are  shown  by  figure 
26  D  and  G.  The  fourth  (%Ax)  is  well  developed  in  the  front  wing 
(D)  and  has  a  large  accessory  sclerite  (y)  connected  with  it,  upon 
which  is  inserted  a  long  slender  muscle  (fig.  28,  cc).  A  very  small 
accessory  sclerite  (ax)  occurs  close  to  the  muscle  plate  of  the  third 
axillary  (3 Ax).  These  are  called  "accessory"  sclerites  because 
they  are  of  irregular  occurrence  in  the  wing  bases  of  insects  generally 
and  are  developed  in  connection  with  the  muscle  attachments.  Simi- 
lar ones  occur  in  the  hind  wing  (G,  ax)  in  connection  with  the 
second  (2 Ax)  and  third  axillaries  (3 Ax). 

The  front  wing  is  attached  to  the  posterior  half  of  the  side  of 
the  mesonotum.  The  anterior  notal  wing  process  is  bilobed  (figs. 
22,  23  A,  7\,,  ANP)  and  is  carried  by  the  scutum,  while  the  pos- 
terior process  (PNP)  is  carried  by  the  scutellum  and  is  mostly 
hidden  beneath  the  anterior  wing  process.  The  two  wing  processes, 
in  fact,  are  so  close  together  that  the  first  axillary  articulates  not 
only  with  the  first  but  also  with  the  second  (fig.  26  J).  The  axillary 
cord  (fig.  26  F,  AxC)  arises  from  a  lobe  of  the  scutellum  overlapped 
by  the  lateral  margin  (I  and  J,  AxC).  In  the  hind  wing,  where  the 
fourth  axillary  is  absent,  the  third  articulates  directly  with  the 
posterior  notal  wing  process  of  the  metatergum  (fig.  23  A,  7^,  PNP). 

The  base  of  the  front  wing  is  overlapped  by  a  large  scale  (fig:.  26, 
E  and  I,  Ty)  called  the  tegula.     It  is  carried  by  the  axillary  mem- 
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brane,  to  which  it  is  attached  between  the  humeral  angle  of  the  wing 
base  and  the  edge  of  the  notum.  The  tegulse  are  present  in  most  in- 
sects, generally  on  the  base  of  each  wing,  but  they  usually  have  the 
form  of  small  inconspicuous  hairy  pads,  as  shown  in  the  diagram 
(fig.  (>,  Tg).  In  the  flies,  moths,  butterflies,  and  Hymenoptera, 
however,  the  tegulae  of  the  front  wings  develop  into  large  conspicu- 
ous scales  overlapping  the  humeral  angles  of  the  bases  of  these 
wings. 

The  motion  of  the  wing  in  flight  consists  of  both  an  up-and-down 
movement  and  a  forward-and-backward  movement,  which  two  com- 
bined cause  the  tip  of  the  wing  to  describe  a  figure-eight  course  if 
the  insect  is  held  stationary.  Corresponding  with  these  four  move- 
ments are  four  sets  of  muscles.  In  the  dragonflies  nearly  all  of  the 
wing  muscles  are  inserted  directly  upon  the  base  of  the  wing  itself, 
but  in  other  insects,  excepting  possibly  the  mayflies,  the  principal 
muscles  are  inserted  upon  the  thoracic  walls  and  move  the  wing 
secondarily.  In  the  lower  insects,  such  as  the  grasshoppers,  crickets, 
stoneflies,  net-winged  flies,  etc.,  the  two  wing-bearing  segments  are 
about  equal  in  their  development  and  each  is  provided  with  a  full 
equipment  of  muscles.  In  these  insects  the  wings  work  together  by 
coordination  of  their  muscles,  although  each  pair  constitutes  a  sepa- 
rate mechanism.  In  such  insects,  however,  as  the  true  flies  and  the 
wasps  and  bees  the  metathorax,  as  wre  have  seen  in  the  case  of  the 
bee,  is  greatly  reduced,  and  what  is  left  of  it  is  solidly  attached  to 
the  mesothorax.  In  the  flies  the  hind  wings  are  reduced  to  a  pair 
of  knobbed  stalks  having  no  function  as  organs  of  flight,  while  in 
the  bees  the  hind  wings,  which  are  very  small,  are  attached  to  the 
front  wings  by  a  series  of  hooklets  on  their  anterior  margins  (fig. 
25  D,  Hk)  which  grasp  a  posterior  marginal  thickening  of  the 
front  wings.  Moreover,  when  we  examine  the  interior  of  the  bee's 
thorax  we  find  that  the  muscles  of  the  metathorax  are  greatly 
reduced  or  partly  obliterated  and  that  the  great  mesothoracic  mus- 
cles serve  for  the  movement  of  both  wings,  thus  assuring  a  perfect 
synchrony  in  their  action.  Hence,  it  is  clear  that  the  union  and 
consolidation  of  the  thoracic  segments  in  the  higher  insects  is  for 
the  purpose  of  unifying  the  action  of  the  wings. 

The  muscles  of  flight  in  the  bee  may  be  very  easily  studied  by  cutting 
the  thorax  of  a  drone  into  lateral  halves.  The  cavity  of  the  thorax 
is  occupied  almost  entirely  by  three  great  masses  of  muscles.  One 
of  these  is  longitudinal,  median,  and  dorsal  (fig.  27,  LMcl2)y  extend- 
ing from  the  mesoscutum  (ScL)  and  the  small  prephragma  (Aph) 
to  the  large  mesothoracic  postphragma  (Pph2).  A  small  set  of 
muscles  (LMclz)  then  connects  the  posterior  surface  of  this  phragma 
with  the  lower  edge  of  the  propodeum  (IT).    On  each  side  of  the 
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anterior  end  of  this  great  longitudinal  muscle  is  a  thick  mass  of 
dorse-ventral  fibers  (VMcl)  extending  from  the  lateral  areas  of  the 
mesoscutum  {Sctt)  to  the  lateral  parts  of  the  mesosternum  (S,).  A 
contraction  of  the  vertical  muscles  must  depress  the  tergal  parts, 
at  the  same  time  expanding  the  entire  thorax  in  a  longitudinal  direc- 
tion and  stretching  the  longitudinal  muscles.  A  contraction,  then, 
of  the  latter  muscles  {LMcl)  restores  the  shape  of  the  thorax  and 
elevates  the  tergal  parts.     Remembering,  now,  that  the  wings  are 

supported  from  be- 


LM4, 


low  upon  the 
pleural  wing  proc- 
esses and  that  each 
is  hinged  to  the 
back  by  the  notal 
wing  processes,  it 
is  clear  that  a  de- 
pression -  of  the 
dorsum  of  the 
thorax  must  ele- 
vate the  wings  and 
that  an  elevation 
of  the  dorsum  de- 
presses them — the 
pleural  wing  proc- 
esses acting  as  the 
fulcra.  Hence,  the 
chief  up-and-down 
movements  of  the 
wings  are  pro- 
duced by  these 
great  thoracic  m  us- 
cles  acting  upon 
the  shape  of  the 
thorax  as  a  whole 


10,    Bb owing 
going    from 

meaotergnl     scutum     (Set,)     and    small     anterior    phragroa 

Mpft]    to  posterior  pbrngma    (I'ph,)    of  Internal   postscutel- 

lum    (pofltnolum)    of   samp    segment,    also   showing    vrrtlci " 

mesothoraclc  muscles  {VMcl),  and  ventral  longitudinal  mu 

rlea      timet  I,     and      longitudinal     muscles     of     metalnora 

il.McU)    going   from  postphragmn  of  mesotborai    (/*pfii)    t 

posterior  edge  of  propodeum  or  first  abdominal  tergiim  (IT 

By  alternate  contraction  of  dorsal  longitudinal  muscles  an 

vertical   muscles,    roof  of  thorni  Is  elevated  and  depressed, 

causing  wings   to  bent  downward   and   upward  respective 

being  supported  on  fulcru  formed  by  pleural  wing  processes       antJ      not      directly 

i  liir   :!n,   n'f,)   Df  side  walls  of  tnorax.  .  .       J 

upon  the  wings 
themselves.  The  vertical  muscles  are  the  elevators  and  the  longi- 
tudinal the  depressors. 

But  besides  being  moved  up  and  down  the  wings  can  also,  as  before 
stated,  be  extended  and  flexed,  i.  e.,  turned  forward  and  backward  in 
a  horizontal  plane  upon  the  pleural  wing  process.  The  muscles 
which  accomplish  these  movements  lie  against  the  inner  face  of  the 
pleurum  (fig.  28),  and  each  wing  is  provided  with  a  separate  set. 
The  extensor  muscle  (PMcl)  is  the  most  anterior  and  is  inserted  by 
a  long  neck  upon  the  preparapterum   (&P)-    The  latter  is  closely 
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connected  with  the  anterior  part  of  the  base  of  the  wing  so  that  a 
contraction  of  the  muscle  turns  the  wing  forward  and  at  the  same 
time  depresses  its  anterior  margin.    For  this  reason  the  parapterum 
and  the  extensor  muscle  have  been  called  the  pronator  apparatus,  and 
the  muscle  is  known  also  as  the  pronator  muscle.    In  some  insects 
which  fold  the  wings  back  against  the  body  this  muscle  is  a  great 
deal  larger  than  in  the  bee.     The  flexor  muscle  (KMcl)  consists  of 
three  parts  situated  upon  the  anterior  half  of  the  pleurum  and  in- 
serted  upon   the  third   axillary    (3Ax)    by   long  tendonlike   necks. 
These  muscles  are  antagonistic 
to  the  extensor  and  by  their 
contraction     pull     the     wing 
back  toward  the  body. 

The  mechanism  which  pro- 
duces the  wing  motion  thus 
seems  to  be  a  very  simple  one 
and  may  be  summarized  as 
follows:  Each  wing  rests  and 
turns  upon  the  wing  process 
of  the  pleurum  (figs.  24  and 
28,  WP)  by  means  of  the 
pivotal  sclerite  or  second  axil- 
lary in  its  base  (figs.  20  F  and 
28,24a).  It  is  hinged  to  the 
back  by  the  first  and  fourth 
axillaries  (fig.  20  F,  lAx  and 
i-Ax)  which  articulate  with 
the  anterior  and  posterior 
notal  wing  processes  (fig.  23 
A,  T„  ANP  and  PNP),  re- 
spectively. The  large  vertical 
muscles  (fig.  27,  VMd)  of 
the  thorax  depress  the  ter- 
gum,  which  pulls  down  with 
it  the  base  of  the  wing  and 
henceelevatesthedistalpart — 

the  fulcrum  being  the  pleural  wing  process.  The  dorsal  longitudinal 
muscle  (LMcl)  restores  the  shape  of  the  thorax,  elevates  the  tergum, 
and  consequently  depresses  the  wing.  Extension  and  flexion  of  the 
wing  are  produced  by  special  muscles  (fig.  28,  Pit  el  and  RMcl)  acting 
upon  its  base  before  and  behind  the  pleural  wing  process,  respectively. 

Besides  these  muscles  there  are  several  others  (fig.  28)  associated 

with  the  wing  whose  functions  are  less  evident.     Most  conspicuous 

of  these  is  a  muscle  occupying  the  posterior  half  of  the  mesopleurum 

(aa)  and  inserted  upon  the  outer  end  of  the  scutcllum.     This  may 
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be  simply  accessory  to  the  large  vertical  sterno-scutal  muscle  (fig.  27. 
VMcl).  Another  is  a  long  slender  muscle  (66)  attached  to  the  upper 
end  of  the  mesocoxa  and  inserted  upon  the  postparapterum  (SP). 
This  is  sometimes  termed  the  coxo-axillary  muscle.  A  third  (cc)  is 
inserted  upon  the  tip  of  the  accessory  sclerite  (y)  of  the  fourth 
axillary  and  is  attached  to  the  lateral  arm  of  the  large  entostemum 
of  the  mesothorax  and  metathorax. 

3.   THE  LEGS. 

The  legs  of  the  honey  bee  are  highly  modified  for  several  special 
purposes  besides  that  of  walking,  but  they  are  so  well  known  and 
have  been  so  often  described  that  it  will  not  be  necessary  to  devote 
much  space  to  them  here. 

The  front  legs  (fig.  29  A)  have  a  structure  formed  by  the  adjoining 
ends  of  the  tibia  and  the  first  tarsal  joint,  which  is  called,  on  account 
of  its  use,  the  antenna  cleaner.  It  consists  (fig.  29  C)  of  a  semi- 
circular notch  (dd)  in  the  base  of  the  first  tarsal  joint  (ITar)  pro- 
vided with  a  comblike  row  of  bristles.  A  specially  modified,  flat, 
movable  spur  (ee),  shown  in  ventral  view  at  B,  is  so  situated  on  the 
end  of  the  tibia  that  it  closes  over  the  notch  when  the  tarsus  is  bent 
toward  the  tibia.  By  grasping  an  antenna  between  the  notch  and 
the  spur  and  drawing  it  through  the  inclosure  the  bee  is  able  to  re- 
move from  this  sensitive  appendage  any  pollen  or  particles  of  dirt 
that  may  be  adhering  to  it. 

The  middle  legs  (fig.  29  D)  present  no  special  modifications  of  any 
importance.  It  will  be  observed,  however,  that  they,  as  well  as  the 
other  legs  (A  and  F),  have  the  first  joint  of  the  tarsus  (ITar)  very 
greatly  enlarged. 

The  hind  legs  of  all  three  forms,  the  worker  (F) ,  the  queen  (E) ,  and 
the  drone  (H),  have  both  the  tibia  and  the  large  basal  segment  of 
the  tarsus  very  much  flattened.  In  the  queen  and  drone  there  seems 
to  be  no  special  use  made  of  these  parts,  but  in  the  worker  each  of 
these  two  segments  is  modified  into  a  very  important  organ.  The 
outer  surface  of  the  tibia  (F,  Tb)  is  fringed  on  each  edge  by  a  row  of 
long  curved  hairs.  These  constitute  a  sort  of  basket  (Cb)  in  which 
the  pollen  collected  from  flowers  is  carried  to  the  hive.  The  struc- 
tures are  known  as  the  pollen  baskets,  or  corbicula.  The  inner  sur- 
face of  the  large,  flat,  basal  segment  of  the  tarsus  (ITar)  is  pro- 
vided with  several  rows  of  short  stiff  spines  (G)  forming  a  brush  by 
means  of  which  the  bee  gathers  the  pollen  from  its  body,  since  it 
often  becomes  covered  with  this  dust  from  the  flowers  it  visits  for 
the  purpose  of  getting  nectar.  When  a  sufficient  amount  is  accumu- 
lated on  the  brushes  it  is  scraped  off  from  each  over  the  edge  of  the 
tibia  of  the  opposite  hind  leg  and  is  thus  stored  in  the  pollen  baskets. 
Hence  the  worker  often  flies  back  to  the  hive  with  a  great  mass  of 
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(ff)  ;  H,  left  bind  leg  of  drone,  anterior  or  ouler  view. 
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pollen  adhering  to  each  of  its  hind  legs.    The  pollen  baskets  are 
also  made  use  of  for  carrying  propolis. 

Between  the  ends  of  the  hind  tibia  (Tb)  and  the  first  tarsal  joint 
(ITar)  is  a  sort  of  pincerlike  cleft  (F  and  G,  ff)  guarded  by  a  row 
of  short  spines  on  the  tibial  edge.  This  is  popularly  known  as  the 
"was  shears"  and  it  is  supposed  to  be  used  for  picking  the  plates 
of  wax  out  of  the  wax  pockets  of  the  abdominal  segments.  The 
writer,  however,  has  watched  bees  take  the  wax  from  their  abdomen 
and  in  these  observations  they  always  poked  the  wax  plates  loose 


with  the  ordinary  hairs  or  spines  of  the  tibia:  or  tarsi  and  then  by 
means  of  the  feet  passed  them  forward  beneath  the  body  to  the 
mandibles. 

The  last  tarsal  joint  of  each  leg  hears  a  pair  of  claws  (E,  Cla\  and 
a  single  median  cm  podium  (limp).  Each  one  of  the  claws  is  bi- 
lobed,  consisting  of  a  long  tapering  outer  point  and  a  smaller  inner 
one  (figs.  30  and  31).  The  claws  of  the  worker  (fig.  31  A)  and  the 
queen  (B)  are  only  slightly  different  in  details  of  outline,  although 
the  claws  of  the  queen  are  much  greater  in  size  than  those  of  the 
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worker,  but  the  drone's  claws   (C)    are  large  and  very  strikingly 
different  in  shape  from  those  of  either  the  worker  or  the  queen. 

The  empodium  (fig.  30  A,  B,  and  C,  Emp)  consists  of  a  terminal 
lobe  bent  upward  between  the  claws  (C)  and  deeply  cleft  on  its 
dorsal  surface  (A),  and  of  a  thick  basal  stalk 
whose  walls  contain  a  number  of  chitinous 
plates.  One  of  these  plates  is  dorsal  (A  and 
C,  hh)  and  bears  five  very  long,  thick,  curved 
hairs  projecting  posteriorly  over  the  terminal 
lobe,  while  a  ventral  plate  (B  and  C,  ii)  is 
provided  with  numerous  short  thick  spines: 
A  third  plate  (A,  B,  and  C,  gg)  almost 
encircles  the  front  of  the  terminal  lobe,  its 
upper  ends  reaching  to  the  lips  of  the  cleft. 

When  the  bee  walks  on  any  ordinary  sur- 
face it  uses  only  its  claws  for  maintaining  a 
foothold,  but  when  it  finds  itself  on  a  smooth, 
slippery  surface  like  glass  the  claws  are  of  no 
avail  and  the  empodia  are  provided  for  such 
emergencies  as  this.  The  terminal  lobe  is 
pressed  down  against  the  smooth  surface  and 
its  lateral  halves  are  flattened  out  and  adhere 
by  a  sticky  liquid  excreted  upon  them  by 
glands  said  to  be  situated  in  front  of  them, 
the  muscle  that  flattens  the  empodial  lobes  the  latter  spring  back 
into  their  original  position  by  the  elasticity  of  the  chitinous  band 
{gg)  in  their  walls. 


Fio.  31. — A,  outer  view  of 
hind  claw  of  worker ;  B. 
same  of  queen ;  C,  same 
of  drone. 

On  the  relaxation  of 


V.   THE  ABDOMEN,  WAX  GLANDS,  AND  STING. 

The  abdomen  of  the  worker  and  queen  appears  to  consist  of  six  seg- 
ments (figs.  1,  32,  33,  //-F//),  but  it  must  be  remembered  that,  as 
has  already  been  explained,  the  thoracic  division  of  the  body  in  the 
Hymenoptera  includes  one  segment,  the  propodeum  or  median  seg- 
ment, which  really  belongs  to  the  abdomen  and  is  its  true  first  seg- 
ment according  to  the  arrangement  in  all  other  insects.  Hence, 
counting  the  propodeum  (figs.  21  and  32,  IT)  as  the  first,  we  find 
seven  exposed  abdominal  segments  in  the  worker  and  queen  and 
nine  in  the  drone.  Each  one  except  the  first  consists  of  a  tergum 
(T)  and  a  sternum  (£),  the  former  reaching  far  down  on  the  side 
of  the  segment,  where  it  carries  the  spiracle  (Sp)  and  overlaps  the 
edge  of  the  sternum.  The  two  plates  of  the  last  or  seventh  segment 
in  the  worker  and  queen  are  separated  by  a  cleft  on  each  side,  and 
if  they  are  spread  apart  it  is  seen  that  the  tip  of  the  abdomen 
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incloses  a  cavity  which  lodges  the  sting  and  its  accessory  parts.  The 
end  of  the  abdomen  of  the  male  (fig.  56  D)  is  quite  different  from 
that  of  the  female,  while  in  it  parts  at  least  of  nine  segments  art 


visible,  the  last   is  very  much  modified  and  is  exposed  only  on  the 
sides  and  below. 

An  internal  view  of  the  ventral  plates  and  the  lateral  parts  of  the 


Ventral  view  ot  nbdOmeD  <>.' 
,  Kin.wJijjj  tip  of  sting  (Sin)  bihI 
Ike    iippondnneH     tStnPIp)     pro- 

rrom     stliiff     chnmlier     within 


tergn  in  the  worker  is  shown  by  figure  20,  while  a  corresponding 
view  of  the  mule  sterna  is  shown  by  figure  34.  It  will  lie  seen  that 
each  sternum  is  very  widely  underlapped  (viewed  from  above)  by  the 
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one  next  in  front  of  it  and  that  the  intersegmental  membrane  (Mb) 
is  reflected  from  the  middle  of  the  dorsal  surface  of  each  to  the 
anterior  edge  of  the  following  sternum.  By  removing  an  individual 
plate  (fig.  35  A)  this  is  more  easily  shown.  It  is  also  clearly  seen 
that  the  transverse  line  of  attachment  of  the  membrane  (Mb)  divides 
the  sternum  into  a  posterior  part  (Rd),  which  is  merely  a  prolonged 
reduplication  underlapping  the  following  sternum,  and  into  an  an- 
terior part  underlapped  by  the  preceding  sternum.  The  posterior 
half  is,  hence,  purely  external  while  the  anterior  half  forms  the  true 
ventral  wall  of  the  segment,  its  dorsal  face  being  internal  and  its 
ventral  face  external.  The  anterior  part  is  also  very  smooth  and 
shiny  and  somewhat  bilobed  and  for  this  reason  it  is  sometimes  called 
the  "  mirrors."  Its  edge  is  bounded  by  a  thickened  ridge  giving  off  a 
short  apodeme  (Ap)  on  each  side.  The  mirrors  of  the  last  four 
sterna  are  also,  and  more  appropriately,  called  the  wax  plates  because 
the  wax  is  formed  by  a  layer  of  cells  lying  over  them.  It  accumu- 
lates on  the  ventral  side  in  the  pocket  between  the  wax  plates  and  the 
posterior  underlapping  prolongation  of  the  preceding  sternum.  Wax 
is  formed  only  on  the  last  four  visible  segments,  i.  e.,  on  segments 
IV- VII,  inclusive. 

In  studying  any  part  of  the  body  wall  of  an  insect  it  must  always 
be  borne  in  mind  that  the  chitin  is  originally  simply  an  external  cutic- 
ular  layer  of  a  true  cellular  skin  or  epidermis  (erroneously  called 
" hypodermis v  in  insects),  but  that  in  the  adult  stage  the  latter 
almost  everywhere  disappears  as  a  distinct  epithelium.  Thus  the 
chitin  comes  to  be  itself  practically  the  entire  body  wall,  the  cell  layer 
being  reduced  to  a  very  inconspicuous  membrane.  However,  in  cer- 
tain places  the  epithelium  may  be  developed  for  special  purposes. 
This  is  the  case  with  that  over  the  wax  plates  which  forms  a  thick 
layer  of  cells  that  secrete  the  wax  and  constitute  the  so-called  wax 
glands.  The  wax  is  first  secreted  in  a  liquid  condition  and  is  ex- 
truded through  minute  pores  in  the  wax  plates  of  the  sterna,  harden- 
ing on  their  under  surfaces  into  the  little  plates  of  solid  wax  with 
which  every  bee  keeper  is  acquainted. 

The  secretion  of  the  wax  has  been  studied  by  Dreyling  (1903),  who 
made  histological  sections  through  the  glands  at  different  times  in 
the  life  of  the  bee.  He  found  that  in  young,  freshly  emerged  workers 
the  epidermis  of  the  wax  plates  consists  of  a  simple  layer  of  ordinary 
•epithelial  cells.  As  the  activities  of  the  bee  increase,  however,  these 
cells  elongate  while  clear  spaces  appear  between  them  and,  when  the 
highest  development  is  reached,  the  epithelium  consists  of  a  thick 
layer  of  very  long  cells  with  liquid  wax  stored  in  the  spaces  between 
them.  In  old  age  most  of  the  cells  become  small  again  and  in  those 
bees  that  live  over  the  winter  the  epithelium  degenerates  to  a  simple 
sheet  of  nucleated  plasma  showing  no  cell  boundaries.  It  is  thus 
evident  that  the  secretion  of  wax  is  best  performed  during  the  prime 
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of  life,  which  in  bees  is  at  about  17  days  of  age  or  before,  and  that 
old  bees  can  only  gather  honey  and  pollen.     Bees  do  not  normally 
secrete  wax  while  performing  the  other  more  ordinary  duties  of  their 
life.     When  comb  is  needed  a  large  number  of  young  bees   or   bees 
that  have  not  passed  their  prime  hang  together  in  vertical   sheets 
or  festoons  within  the  hive  and  are  fed  an  abundance  of  honey.     After 
about  twenty-four  hours  they  begin  to  construct  comb.     During  this 
time  the  wax  is  excreted  through  the  wax  plates  and  accumulates  in 
the'  external  wax  pockets   below. 
It  is  poked  out  of  these  pockets  by 
means  of  the  spines  on   the    feet 
and  is  passed  forward  beneath  the 
body  to  the  mandibles.    By  mean? 
of  these  organs  it  is  manipulated 
A  into    little    pellets    and    modeled 

into  the  comb.    Dreyling  describes 
the  pores  of  the  wax  plates  as  ex- 
cessively   fine,    vertical,    parallel 
**  canals  only   visible  in   very   thin 

sections   and    under    the    highest 
power  of  the  microscope. 

Corresponding  abdominal  sterna 
present  quite  different  shapes  in 
the  three  forms  of  the  bee  (fig.  35 
A,  B,  and  C).  In  the  queen  (B) 
the  sterna  are  much  longer  than  in 
the  worker  (A),  while  in  the 
drone  (C)  they  are  shorter  and 
have  very  long  lateral  apodemes 

■.  drone ;  The  last  three  abdominal  seg- 
rmbranJ  ments — the  eighth,  ninth,  and 
i.oiish.ii  lenth — are  very  different  in  the 
rxti'mai  *wo  sexes  on  account  of  their 
■  imif  or  mollification  in  each  to  accom- 
modate the  external  organs  of  re- 
production and  egg  laying.  In  the  female  these  segments  are  entirely 
concealed  within  the  seventh,  but,  in  the  male,  parts  of  both  the 
eighth  and  ninth  segments  are  visible  externally. 

The  seventh  segment  of  the  drone  (counting  the  propodeum  as 
the  first)  is  the  last  normal  segment,  i.  e.,  the  last  one  having  a  com- 
plete tergum  and  sternum  resembling  those  of  the  anterior  part  of 
the  cbdonien  (fig.  JHJ  D,  TV/7*  and  VI/.S).  Behind  the  seventh  ter- 
gum and  partly  concealed  within  it  is  the  eighth  tergum  (F7//T) 
carrying  the  last  abdominal  spiracles  {Up).    The  eighth  sternum  is 


B 


Slunds.  a 


THE   ABDOMEN,   WAX   GLANDS,  AND  STING.  73 

almost  entirely  concealed  within  the  seventh.  It  is  very  narrow 
below,  but  is  expanded  at  the  upper  parts  of  its  sides  (VI I  IS),  where 
it  is  partly  visible  below  the  eighth  tergum  and  behind  the  seventh 
sternum.  The  dorsal  part  of  the  ninth  segment  is  membranous  except 
for  a  small  apodeme-bearing  plate  on  each  side  hidden  within  the 
eighth  tergum.  The  ninth  sternum,  on  the  other  hand,  is  a  well- 
developed  semicircular  band  (IXS)  forming  the  ventral  and  ventro- 
lateral parts  of  the  ninth  segment.  It  bears  on  each  side  two  con- 
spicuous lobes — one  a  small,  darkly  chitinized,  dorsal  plate  (Wisp) 
carrying  a  large  bunch  of  long  hairs,  the  other  a  large,  thin,  ventral 
plate  (2Cfop).  Between  these  four  appendicular  lobes  is  ordinarily  a 
deep  cavity,  which  is  the  invaginated  penis  (fig.  56  E),  but  in 
figure  D  this  organ  is  shown  partly  evaginated  (Pen).  While  the 
penis  is  really  an  external  organ,  the  details  of  its  structure  will  be 
described  later  in  connection  with  the  internal  organs  of  reproduction. 
The  tenth  segment  is  entirely  lacking  in  segmental  form.  The  anal 
opening  is  situated  in  a  transverse  membrane  beneath  the  eighth  ter- 
gum (VI I  IT),  and  below  it  is  a  thin  chitinous  plate,  which  may 
belong  to  the  tenth  segment. 

In  many  insects  the  modification  of  the  terminal  segments  of  the 
males  in  connection  with  the  function  of  copulation  is  much  greater 
than  in  the  bee.  The  ninth  segment  often  fortns  a*  conspicuous 
enlargement  called  the  hypopygium,  which  is  usually  provided  with 
variously  developed  clasping  organs  in  the  form  of  appendicular 
plates  and  hooks. 

The  development  of  the  external  genital  parts  of  the  drone  has  been 
described  by  both  Michaelis  (1900)  and  Zander  (1900).  A  small 
depression  first  appears  on  the  under  surface  of  the  ninth  segment  of 
the  larva  shortly  after  hatching.  Soon  two  little  processes  grow 
backward  from  the  anterior  wall  of  this  pouch  and  divide  each  into 
two.  The  part  of  the  larval  sternum  in  front  of  the  pouch  become ; 
the  ninth  sternum  of  the  adult,  while  the  two  processes  on  each  side 
form  the  upper  and  lower  appendicular  lobes  (the  valva  externa  and 
the  valva  interna  of  Zander).  The  penis  at  first  consists  of  two  little 
processes  which  arise  between  the  valvae  interna?,  but  is  eventually 
formed  mostly  from  a  deep  invagination  that  grows  forward  between 
them.  These  four  processes  arising  on  the  ventral  side  of  the  ninth 
segment  of  the  male  larva  are  certainly  very  suggestive  of  the  similar 
ones  that  are  formed  in  the  same  way  on  the  same  segment  of  the 
female  and  which  develop  into  the  second  and  third  gonapophyses 
of  the  sting.  If  they  are  the  same  morphologically  we  must  homol- 
ogize  the  two  clasping  lobes  of  the  ninth  sternum  in  the  male  with 
the  two  gonapophyses  of  this  segment  in  the  female.  Zander  (1900) 
argues  against  such  a  conclusion  on  the  ground  that  the  genital  pouch 
is  situated  near  the  anterior  edge  of  the  segment  in  the  female  and 
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posteriorly  in  the  male,  while  the  parts  in  the  two  sexes  develop 
later  in  an  absolutely  different  manner.     These  arguments,  how 
ever,  do  not  seem  very  forcible — in  the  earliest  stages  the  process 
certainly  look  alike  in  the  two  sexes. 

The  sting  of  the  bee  is  situated  in  the  sting  cavity  at  the  end  of  tht 
abdomen,  from  which  it  can  be  quickly  protruded  when  occasion  de- 
mands. This  sting  chamber  contains  also  the  reduced  and  modified 
sclerites  of  the  eighth,  ninth,  and  tenth  abdominal  segments.  In 
fact,  the  sting  chamber  is  formed  by  an  infolding  of  these  three  seg- 
ments into  the  seventh.  It  is  consequently  not  a  part  of  the  true  in- 
terior of  the  body  or  body  cavity  which  contains  the  viscera,  but  is 
simply  a*sunken  and  inclosed  part  of  the  exterior,  in  the  same  sense 
that  the  oven  of  a  stove  is  not  a  part  of  the  real  inside  of  the  stove. 
Consequently  the  parts  of  the  sting,  though  normally  hidden  from 
view,  are  really  external  structures. 

A  very  gentle  pull  on  the  tip  of  the  sting  is  sufficient  to  remove  it 
from  its  chamber,  but  a  sting  thus  extracted  brings  along  with  it  the 
ninth  and  tenth  segments,  most  of  the  eighth  segment,  the  poison 
glands,  and  the  terminal  part  of  the  alimentary  canal.  This  is  due 
to  the  fact  that  the  inclosed  segments  are  attached  to  the  surround- 
ing parts  by  very  delicate  membranes.  For  the  same  reason  they  so 
easily  tear  from  the  living  bee  as  the  latter  hurriedly  leaves  its  victim 
after  stinging.  The  worker  thus  inflicts  a  temporary  wound  and 
pain  at  the  cost  of  its  own  life.  Undoubtedly,  however,  nature  re- 
gards the  damage  to  the  enemy  as  of  more  importance  to  the  bee 
community  as  a  whole  than  the  loss  of  one  or  a  dozen  of  its  members. 
The  entire  stinging  apparatus  with  a  bag  of  poison  attached  is  thus 
left  sticking  in  the  wound  while  the  muscles,  which  keep  on  working 
automatically,  continue  to  drive  the  sting  in  deeper  and  deeper  and 
at  the  same  time  pump  in  more  poison.  Such  a  provision  certainly 
produces  much  more  effective  results  than  would  a  bee  giving  a  thrust 
here  and  another  there  with  its  sting  and  then  rapidly  flying  away 
to  escape  from  danger. 

The  sting  itself,  when  extracted  from  its  chamber,  is  seen  to  con- 
sist of  a  straight  tapering  shaft  with  its  tip  directed  posteriorly  and 
its  base  swollen  into  a  bulblike  enlargement.  In  superficial  appear- 
ance the  shaft  appears  to  be  solid,  although  we  shall  presently  show 
that  it  is  not,  but  the  bulb  is  clearly  hollow  and  is  open  below  by 
a  distinct  median  cleft.  Several  plates  of  definite  shape  and  arrange- 
ment always  remain  attached  to  the  sting  and  overlap  its  base.  The 
entire  apparatus,  including  the  base  of  the  large  poison  sac,  is  shown 
somewhat  diagrammatically  in  side  view  by  figure  36.  The  bulb  of 
the  sting  (ShB)  is  connected  with  the  lateral  plates  by  two  arms 
which  curve  outward  and  upward  from  its  base.  (Only  the  left  sid*» 
is  shown  in  the  figure.)    Between  these  arms  the  two  poison  gland? 
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(PsnSc  and  BGl)  open  into  the  anterior  end  of  the  bulb.  From  the 
posterior  ends  of  the  plates  two  whitish  fingerlike  processes  (StnPlp) 
project  backward.  When  the  sting  is  retracted  these  lie  at  the  sides 
of  the  shaft  (figs.  33  and  37),  but  in  figure  36  the  sting  is  shown  in  a 
partly  protracted  position.  .  These  appendages,  often  called  the  sting 
palpi,  undoubtedly  contain  sense  organs  of  some  sort  by  means  of 
■which  the  bee  can  tell  when  her  abdomen  is  in  contact  with  the  object 
upon  which  she  desires  to  use  her  sting. 

A  close  examination  of  the  sting  shows  that  it  is  a  much  more  com- 
plicated structure  than  it  at  first  sight  appears  to  be.  The  shaft,  for 
example,  is  not  a  simple,  solid,  tapering,  spearlike  rod,  but  is  a  hollow 
organ  made  of  three  pieces  which  surround  a  central  canal.  One  of 
these  pieces  is  dorsal  (fig.  Sfi,  ShS)  and  is  the  true  prolongation  of 
the  bulb   (ShB),  while  the  other  two   (Let)   are  ventral  and  slido 

lengthwise  on  tracklike  ridges  of  the  dorsal  piece.     Moreover,  each 

basal     arm     of     the 

sting  is  double,  con- 
sisting   of    a    dorsal 

or     posterior     piece 

(ShA),  which  is  like- 
wise a  prolongation 

of  the  bulb,  and  a 

ventral    or    anterior 

piece  (Let) ,  which  is 

continuous   with   the 

ventral    rod    of    the 

shaft     01)     the     same      Fm.  :t0.— Bern  idlnjtrammn  tic  view  of  left  side  of  sting  of 

side.    Hence  the  stine       ""rkpT-  «<*™'™t  p1h,ps  <™.  <">■  «<"•  B,ln*  ph1pu» 

,  ,   .      6  (fifnrlpl,  alkaline  pntflon  Rlnad  {BQ1).  and  base  of  large 

may  be  analyzed  into        poi™,,  mr  (r™&-)  oI  acid  si»r,d. 
three  elements,  which 

are  characterized  as  follows:  The  dorsal  piece,  known  as  the  sheath, 
consists  of  a  prominent  basal  swelling  or  bulb  (ShB)  containing  a 
large  cavity,  of  a  terminal  tapering  shaft  (ShS),  and  of  two  curved 
basal  arms  (ShA).  The  ventral  part  consists  of  two  long  slender 
rods,  called  the  lancets  or  darts  (Let),  which  slide  freely  upon  two 
tracks  on  the  ventral  edges  of  the  sheath  and  diverge  upon  continua- 
tions of  these  tracks  along  the  basal  arms  of  the  latter  (ShA).  The 
bulb  is  hollow,  containing  a  large  cavity  formed  by  invagination 
from  below,  where  it  is  open  to  the  exterior  by  a  lengthwise  cleft. 
This  cavity  continues  also  through  the  entire  length  of  the  shaft  of 
the  sting  as  a  channel  inclosed  between  the  dorsal  sheath  and  the 
latero-ventral  lancets.  This  channel,  as  will  be  explained  later,  is 
the  poison  canal  of  the  sting. 

Each  arm  of  the  sheath   (ShA)   is  supported  nt  its  end  farthest 
from  the  bulb  by  an  oblong  plate  (fig.  36,  Ob),  which  normally  over- 
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laps  the  side  of  the  bulb,  and  which  carrie-*  distally  the  palpi  of  the 
sting  (StnPlp),  Each  lancet  is  attached  at  its  base  to  a  triangular 
plate  (Tri)  which  lies  latero-dorsad  to  the  base  of  the  oblong  plate 
and  articulates  with  a  knob  on  the  dorsal  edge  of  the  latter  by  ii- 
ventral  posterior  angle.  By  its  dorsal  posterior  angle  the  triangular 
plate  is  articulated  to  a  much  larger  quadrate  plate  {Qd)  which 
overlaps  the  distal  half  of  the  oblong  plate.  A  thick  membranous 
lobe  (/.V5),  concave  below,  where  it  is  thickly  set  with  long  haired 
overlaps  the  bulb  of  the  sting  and  is  attached  on  each  side  to  tl* 
edges  of  the  oblong  plates.     All  of  these  parts  are  shown  flattened  out 

in  ventral   view  by 
figure  37. 

The  presence  of 
the  two  basal  arms 
of  the  slieath  might 
suggest  that  this 
part  is  to  be  re- 
garded as  made  up 
of  fused  lateral 
halves.  In  this  case 
we  should  have  six 
appendicular  ele- 
ments, viz,  the  two 
lancets,  the  two 
halves  of  the  sheath, 
and  the  two  pal- 
puslike organs.  If 
now  we  turn  back  to 
figure  8,  showing 
the  component  parts 
of  the  ovipositor  of 
a  longhorned  grass- 

[■'iii.  :n. — Vent  nil  rtpw  of  stinc  of  worker  nnd  accessory  purls,     i , 

finit"n('(]  out  hopper,  we  can  not 

fail  to  be  struck  at 
once  by  the  great  similarity  between  this  organ  and  the  sting  of 
the  bee  (fig,  30).  The  first  gonapophyses  (/(?)  of  the  ovipositor  are 
identical  with  the  lancets  (Let)  of  the  sting, and  their  sliding  connec- 
lion,  by  means  of  longitudinal  tracks,  with  the  second  gonapophyses  , 
{20)  suggests  at  once  that  the  latter  represent  the  sheath  of  the 
sting  (ShS).  The  identity  is  still  more  strongly  suggested  when  we 
observe  the  small  bulb  (ShB)  formed  by  the  fused  bases  of  these 
gonapophyses.  The  third  gonapophyses  (3G),  which  inclose  between 
them  the  other  parts  of  the  ovipositor,  represent  the  palpi  of  the 
sting  {StnPlp).  If, finally, ire  study  the  development  of  the  parts  of 
the  sting  we  are  convinced  that  this  similarity  between  the  sting  and 
an  ovipositor  means  something  more  than  an  accidental  resemblance 
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between  two  different  organs — in  fact  we  can  not  doubt  that  the  sting 
is  simply  an  ovipositor  which,  being  no  longer  needed  for  egg-laying 
purposes,  has  been  modified  into  a  poison-injecting  apparatus.  Zan- 
der (1899,  1900)  and  others  have  shown  that  the  sting  of  the  bee 
arises  from  six  little  abdominal  processes  of  the  larva,  two  of  which 
arise  on  the  eighth  segment  and  four  on  the  ninth.  Those  of  the  first 
pair  develop  into  the  lancets,  those  of  the  middle  pair  on  the  ninth 
segment  fuse  to  form  the  sheath,  while  those  of  the  outer  pair  be- 
come the  palpi.  The  ovipositor,  it  will  be  remembered,  develops  in 
the  lower  insects  from  two  pairs  of  processes  arising  on  the  eighth 
and  ninth  abdominal  sterna,  the  second  pair  of  which  very  soon 
splits  into  four  processes.  The  simultaneous  appearance  of  six  on 
the  bee  larva  is  simply  an  example  of  the  hurrying  process  or  accelera- 
tion that  the  embryos  and  young  of  most  higher  forms  exhibit  in 
their  development. 

It  is  only  the  higher  members  of  the  Hymenoptera,  such  as  the 
wasps  and  the  bees  and  their  close  relatives,  that  possess  a  true  sting. 
The  females  of  the  lower  members  have  ovipositors  which  closely  re- 
semble those  of  such  insects  as  the  katydids,  crickets,  and  cicadas,  but 
Tvhich,  at  the  same  time,  are  unquestionably  the  same  as  the  sting  of 
the  stinging  Hymenoptera.  It  is  said  that  the  queen  bee  makes  use 
of  her  sting  in  placing  her  eggs  in  the  cells,  but  both  the  wasps  and 
the  bees  deposit  their  eggs  in  cells  or  cavities  that  are  large  enough  to 
admit  the  entire  abdomen,  and  so  they  have  but  little  use  for  an  egg- 
placing  instrument.  But  the  females  of  the  katydids  and  related 
forms  like  Conocephalus  (fig.  8)  use  their  ovipositors  for  making  a 
slit  in  the  bark  of  a  twig  and  for  pushing  their  eggs  into  this  cavity. 
The  cicada  and  the  sawfly  do  the  same  thing,  while  the  parasitic 
Hymenoptera  often  have  extremely  long  and  slender  piercing  oviposi- 
tors for  inserting  their  eggs  into  the  living  bodies  of  other  insects. 

An  examination  of  the  sting  in  place  within  the  sting  chamber,  as 
shown  by  figure  41,  will  suggest  what  the  accessory  plates  represent  in 
other  less  modified  insects.  It  has  already  been  explained  that  the  last 
external  segment  of  the  female  abdomen  (fig.  32,  VII)  is  the  seventh. 
Within  the  dorsal  part  of  the  sting  chamber  is  a  slight  suggestion  of 
the  eighth  tergum  (fig.  41,  VII IT) ,  which  laterally  is  chitinized  as  a 
conspicuous  plate  bearing  the  last  or  eighth  abdominal  spiracle  (Sp). 
The  triangular  plate  (Tri),  as  Zander  has  shown  by  a  study  of  its 
development,  is  a  remnant  of  the  eighth  sternum,  and  the  fact  that  it 
carries  the  lancet  (Let)  shows  that  even  in  the  adult  this  appendage 
belongs  to  the  eighth  segment.  The  quadrate  plate  (Qd),  since  it  is 
overlapped  by  the  spiracle  plates  of  the  eighth  tergum,  might  appear 
to  belong  to  the  eighth  sternum,  but  Zander  has  shown  that,  by  its 
development,  it  is  a  part  of  the  ninth  tergum.  In  many  other  adult 
Hymenoptera,  moreover,  the  quadrate  plates  are  undoubtedly  tergal, 
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for  they  are  sometimes  connected  by  a  bridge  behind  the  eighth 
tergum.  The  oblong  plate  (Ob)  and  its  stalk  represent  the  ninth 
sternum,  and  since  it  carries  both  the  arm  of  the  sheath  (ShA)  and 
the  palpus  (StnPl)  it  still  maintains  its  original  relationships  to  the 
gonapophyses.  The  membranous  lobe  arising  from  between  the 
oblong  plates  and  overlapping  the  bulb  of  the  sting  (figs.  36  and  37. 
IXS)  must  belong  to  the  median  part  of  the  ninth  sternum. 

The  tenth  segment  (fig.  41,  X)  consists  of  a  short,  thick  tube  having 
the  anus  (An)  at  its  tip.  It  takes  no  part  in  the  formation  of  the 
sting,  but  is  entirely  inclosed  in  the  dorsal  part  of  the  sting  chamber 
beneath  the  seventh  tergum. 

In  the  accessory  plates  of  the  bee's  sting  we  have  a  most  excellent 
illustration  of  how  the  parts  of  a  segment  may  become  modified  to 
meet  the  requirements  of  a  special  function,  and  also  an  example 
of  how  nature  is  ever  reluctant  to  create  any  new  organ,  preferring 
rather  to  make  over  some  already  existing  structure  into  something 
that  will  serve  a  new  purpose. 

There  are  four  glands  connected  with  the  sting,  two  of  which 
are  known  to  secrete  the  poison,  which  is  forced  through  the  canal 
between  the  sheath  and  the  lancets  and  ejected  into  the  wound  made 
by  the  latter.  It  is  this  poison  that  causes  the  pain  and  inflammation 
in  the  wound  from  a  bee's  sting,  which  would  never  result  from  a 
mere  puncture.  The  other  two  glands  have  been  described  as  "  lubri- 
cating glands,"  being  supposed  to  secrete  a  liquid  which  keeps  the 
parts  of  the  sting  mechanism  free  from  friction.  They  lie  within 
the  body  cavity,  one  on  each  side  against  the  upper  edge  of  the 
quadrate  plate,  where  they  are  easily  seen  in  an  extracted  sting,  each 
being  a  small  oblong  or  ovate  whitish  cellular  mass.  Transverse 
microtome  sections  through  this  region  show  that  each  of  these 
glands  opens  into  a  pouch  of  the  membrane  between  the  quadrate 
plate  and  the  spiracle-bearing  plate  of  the  eighth  tergum.  Each 
gland  cell  communicates  with  this  pouch  by  a  delicate  individual 
duct.  The  secretion  of  the  glands  is  thus  poured  upon  the  outer  sur- 
faces of  the  quadrate  plates  and  might  easily  run  down  upon  the 
bases  of  the  lancets  and  the  arms  of  the  sheath,  but,  for  all  that,  the 
notion  that  it  is  lubricative  in  function  is  probably  entirely  conjectural. 

The  large,  conspicuous  poison  sac  (figs.  30,  37,  41,  and  57,  PsriSc) 
that  opens  by  a  narrow  neck  into  the  anterior  end  of  the  bulb  of  the 
sting  is  well  known  to  everyone  at  all  acquainted  with  bees.  The 
poison  which  it  contains  comes  from  the  delicate  branched  thread 
attached  to  its  anterior  end  (fig.  57),  a  minute  tube  which,  if  traced 
forward  a  short  distance  from  the  sac,  will  be  seen  to  divide  into  two 
branches,  which  are  long  and  much  coiled  and  convoluted,  each  ter- 
minating finally  in  a  small  oval  enlargement  (AGl).  These  terminal 
swellings  are  generally  regarded  as  the  true  glands  and  the  tubes 
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Fig.  38.  —  Section  a: 
small  piece  ol  wall  o 
poison  sac  of  sting. 


(AGID)  as  their  ducts,  but  the  epithelium  of  the  tubes  appears  to  be 

of  a  secretory  nature  also,  and.  if  it  is  not,  it  is  hard  to  see  any  reason 

for  their  great  length.     It  also  does  not  look 

probable  that   the   two   little  end   bodies  could 

form  all  the  poison  that  fills  the  comparatively 

enormous  sac. 

The  walls  of  the  poison  sac  (fig.  38)  are  lined 

by  a  thick  coat  of  laminated  chitin  (fnt)  thrown  - 

into  numerous  high  folds.     In  the  neck  part  of 

the  sac  the  folds  are  arranged  very  regularly  in 

a    transverse    direction    and    form    interrupted 

chitinous  rings,  holding  the  neck  rigidly  open. 

The  epithelium    (Epth)    contains  nuclei    (Nu), 

but  the  cell  boundaries  are  very  slightly  marked. 

There  is  a  distinct  basement  membrane   (5.1/), 

forming  a  tunica  propria  externally,  but  there 

are  no  muscle  fibers  of  any  sort  present  except 

a  few  which  are  inserted  upon  the  sac  from  some  of  the  surrounding 

organs  and  which  apparently  act  as  suspensoria. 

The  poison  found  in  the  sac  has  an 

.--Lum  acid  reaction  and  is  supposed  to  consist 

principally  of  formic  acid.     Hence  its 

gland  is  known  as  the  acid  gland  (AGl) 

of  the  sting, 

The  other  sting  gland  is  a  short,  very 
inconspicuous,  and  slightly  convoluted 
whitish  tube  (figs.  36,  37,  41,  and  57, 
BGl)  opening  directly  into  the  base  of 
the  bulb  ventrad  to  the  opening  of  the 
poison  sac.  Its  walls  consist  of  a  thick 
epithelium  of  distinct  cells  { fig.  39, 
Epth)  lined  with  a  thin  chitinous  in- 
tima  (Int)  and  surrounded  by  a  distinct 
basement  membrane  (5.1/),  but,  as  in 
the  other  gland,  there  are  no  muscles 
present.  The  secretion  of  this  gland  is 
said  to  be  alkaline  and  the  gland  is 
therefore  known  as  the  alkaline  gland 
(BGl)  of  the  sting. 

Experiments  made  by  Carlet  (1890) 
show  that  it  is  only  the  mixture  of  the 
products   from   the  two   poison   glands 

that  is  fully  effective  in  stinging  properties.   Carlet 's  experiments  were 

made  upon  houseflies  and  blowflies.    He  shows  (1)  that  flies  stung  by  a 

bee  die  almost  instantly,  (2)  flies  artificially  inoculated  with  thesecre- 
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tion  of  either  gland  alone  do  not  die  for  a  long  time  even  in  spite  of 
the  necessary  mutilation,  while  (3)  successive  inoculations  of  thr 
same  fly  first  from  one  gland  and  then  from  the  other  produce  death 
in  a  much  shorter  time  than  when  inoculated  from  one  gland  alone— 
presumably  as  soon  as  the  two  liquids  mix  within  the  body. 

The  two  secretions,  one  acid  and  the  other  alkaline,  are  poural 
together  into  the  base  of  the  sting  bulb  and  mix  within  the  cavity 
of  the  latter.  The  resulting  poison  is  then  driven  through  the  chan 
nel  in  the  shaft  to  near  the  tip  of  the  latter,  where  it  makes  its  exit 
into  the  wound.  Since  the  large  poison  sac  is  not  muscular,  the  poison 
is  not  forced  through  the  sting  by  it,  as  is  often  supposed.  A  glance 
at  figure  57  (see  p.  135)  will  show  that  the  accessory  plates  of  the  stiiur 
support  several  very  compact  sets  of  muscles  on  their  inner  face-. 
These  muscles  so  act  during  the  process  of  stinging  that  the  triangular 
plates  (figs.  36  and  37,  Tri)  turn  upon  their  hinge- joint  articulation? 
with  the  oblong  plates  (Ob).  By  this  motion  of  the  triangular 
plates  the  attached  lancets  (Let)  are  moved  back  and  forth  along 
the  tracks  on  the  lower  edges  of  the  sheath  and  its  arms  (ShA). 
Each  of  these  tracks  consists  of  a  ridge  with  a  constricted  base  which 
dovetails  into  a  correspondingly  shaped  groove  on  the  dorsal  surface 
of  the  lancet.  This  structure,  as  seen  in  cross  sections  through  the 
shaft  and  bulb  of  the  sting,  is  shown  by  fig.  40  A,  B,  and  C.  The 
lancets  are  thus  held  firmly  in  place,  while  at  the  same  time  they  may 
slide  back  and  forth  with  perfect  freedom.  The  figures  show  also 
that  all  three  parts  of  the  sting  are  hollow,  each  containing  a  pro- 
longation (be)  of  the  body  cavity.  Between  them,  however,  is  in- 
closed another  cavity  through  which  the  poison  flows.  This  is  the 
poison  canal  (PsnC).  In  the  bulb  (fig.  40  C)  the  body  cavity  is 
reduced  to  a  narrow  cleft  (be)  by  the  great  size  of  the  invaginated 
poison  canal  (PsnC). 

It  will  now  be  most  convenient  to  describe  the  apparatus  by  means 
oi  which  the  poison  is  ejected  from  the  sting.  As  before  pointed  out, 
the  large  poison  sac  can  have  no  functions  in  this  connection  becau>e 
its  walls  are  entirely  devoid  of  muscle  fibers.  On  the  other  hand, 
there  is  an  actual  pumping  apparatus  situated  wTithin  the  bulb.  This 
consists  of  two  pouchlike  lobes,  having  their  concavities  directed 
posteriorly,  attached  to  the  upper  edges  of  the  lancets  (fig.  40  D  and 
G,  Vic)  on  the  anterior  ends  of  the  parts  of  the  latter  which  slide 
within  the  lower  edges  of  the  bulb  chamber.  The  lobes  lie  side  by 
side  within  the  bulb  (fig.  40  C?  VI v),  when  the  lancets  are  in  the  same 
position,  and  each  has  an  accessory  lamina  against  its  own  inner  wall. 
When  the  lancets  are  pushed  backward  the  walls  of  the  lobes  flare 
apart  against  the  poison  contained  in  the  bulb  and  drive  this  liquid 
liefore  them  into  the  channel  of  the  shaft,  while  at  the  same  time  thev 

• 

suck  more  poison  into  the  front  of  the  bulb  from  the  glands.     When, 
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or  the  other  hand,  the  lancets  are  retracted  the  pouches  collapse  so 
that  they  may  be  drawn  back  through  the  poison-filled  bulb  without 
resistance,  but  they  are  ready  for  action  again  as  soon  as  the  move- 
ment of  the  lancets  is  reversed.  The  whole  apparatus  thus  consti- 
tutes an  actual  force  pump  in  which  the  lobes  on  the  lancets  alter- 
nately act  as  a  piston  and  as  valves.  The  lancets  need  not  work 
together;  in  fact, 
they  more  often 
perhaps  work  al- 
ternately, the  lobes 
being  of  such  a 
.size  as  to  be  ef- 
fective either  when 
acting  together  or 
separately. 

The  reader  ac- 
quainted with 
other  works  on 
the  anatomy  of 
the  bee,  such  as 
those  of  Cheshire 
(1880),  Cook 
(11)04),  Cowan 
<1!)04),  and  Arn- 
luirt  (1900),  will 
see  often  repeated 
the  statement  that 
the  poison  leaves 
the  sting  both  by 
n  ventral  opening 
ln'tween  the  lan- 
cets near  their  tips 
and  by  several  lat- 
eral pores  near  the 
ends  of  the  lancets 
opening  from  the 
poison  canal  upon 
the  bases  of  the  barbs.  The  writer,  however,  has  never  been  able 
to  observe  the  exit  of  the  poison  from  any  such  lateral  pores,  while, 
on  the  other  hand,  it  is  very  easy  to  watch  it  exude  from  between 
the  lancets  on  the  ventral  side  of  the  sting  near  the  tip.  If  an 
excited  bee  is  held  beneath  a  microscope  and  the  tip  of  the  sting 
observed,  the  poison  will  be  seen  to  accumulate  in  little  drops  near 
the  tip  on  the  ventral  side.  If,  also,  the  bulb  of  an  extracted  sting 
22181— No.  IS— 10 0 


Pia.  40.- -Details  ■ 


worker  i  .V  section  through  tip  of 
MiSiiir  allowing  tuncels  (Lett  nnd  ihaft  of  tOieatti  IBhU)  sur- 
rounding ecnlrol  poison  canal  (Tunc),  and  each  containing 
a  prolongation  of  (he  body-rarity  (be)  :  li,  section  of  same 
near  bum?  of  bulb;  <_'.  section  of  sting  Ibroug'.i  basal  bulb, 
showing  poison  canal  as  [urge  Invnglnaled  cavity  [1'anC) 
In  bulb  of  sheath  OShti)  containing  the  two  valves  (Ftvl 
of  lancets  (/.(■()  ;  D.  pari  of  left  lancet  carrying  valve  (Vic), 
dorsal  view ;  K.  Up  of  lancet  showing  pores  opening  on 
bases  of  barbs  (oo)  coming  from  body-cavity  (be)  of  lancet — 
not  from  poison  canul ;  F,  dorsal  view  or  sliafl  of  sheath 
showing  lalerul  series  of  pores  (oo)  from  prolongation  of 
body-cavity    (be)  ;  tl.  lateral   view  of  left  valve  and  part  of 
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be  squeezed  gently  between  a  pair  of  forceps  the  poison  will  be  seen 
to  emerge  in  the  same  way.  In  fact,  it  can  be  actually  squirted  out 
by  a  sudden  compression  when  the  bulb  is  well  filled  with  poison,  but 
there  is  never  any  evidence  of  its  escape  through  the  sides. 

An  examination  of  the  end  of  each  lancet  does  reveal  a  number  of 
oblique  pores  (fig.  40  E,  oo)  which  have  been  figured  by  other  writ- 
ers, and  they  certainly  open  on  the  bases  of  the  barbs  as  described, 
but  their  inner  ends  apparently  communicate  with  the  body  cavity 
(be)  of  the  lancet  instead  of  passing  clear  through  the  lancet  and 
opening  into  the  poison  canal.  Furthermore,  a  paired  series  of 
exactly  similar  pores  extends  the  entire  length  of  the  shaft  of  the 
sheath  (fig.  40  F,  oo),  opening  on  its  dorsal  surface  from  the  body 
cavity  (be).     No  one  could  possibly  claim  that  the  poison  emerges 


Ftc.  41.- — Tip  of  nbdomen  of  wnrker  with  left  side  removed.  HtiowiDR  right  halvra  of  aei- 
enth  tergum  (VIJT)  and  sternum  {VllSt.  containing  the  stint!  chamber  (fcfc)  cut  oprn 
along  the  line  6w,  expoainje  tile  eighth  tergum  iVtUT),  the  rudimentary  tenth  segment 
(X)  tarrying  the  anus  (.till,  and  the  sling  and  acceswjry  purls  ahuwn  by  tig.  36. 

also  through  these  pores,  which,  very  curiously,  do  not  appear  to 
have  been  described  before,  although  they  are  even  more  conspicuous 
us  well  as  more  numerous  than  those  of  the  lancets.  The  writer  has 
not  been  successful  in  preparing  histological  sections  of  the  sting 
which  show  these  pores,  but  they  probably  constitute  the  ducts  of 
some  kind  of  subcuticular  glands. 

A  cross-section  through  the  sting  a  short  distance  in  front  of  its 
tip  shows  that  the  lancets  are  here  separated  by  a  narrow  cleft  (fig. 
40  A),  while  elsewhere  (B  and  C)  they  are  contiguous.  This  cleft 
between  the  ends  of  the  lancets  forms  the  exit  for  the  poison  from  the 
channel. 

The  sting  of  the  queen  is  much  longer  than  that  of  the  worker 
;  nd  is  more  solidly  attached  within  the  sting  chamber.     Its  shaft  is 
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strongly  decurved  beyond  the  bulb.  The  lancets  have  fewer  and 
smaller  barbs  than  those  of  the  worker,  but  the  two  poison  glands 
are  well  developed  (fig.  57,  AGl  and  BGl),  while  the  poison  sac 
(PsnSc)  is  especially  large. 

A  number  of  minute  unicellular  glands  open  upon  the  interseg- 
mental membrane  between  the  seventh  and  eighth  terga  of  the  ab- 
domen. These  are  sometimes  called  the  glands  of  Nassanoff,  after 
their  discoverer.  Nassanoff  suggested  that  they  are  sweat  glands, 
while  Zoubareff  thought  that  they  form  small  drops  of  liquid  said 
to  be  excreted  by  bees  during  flight  derived  from  the  excess  of  water 
in  the  newly  collected  nectar.  Their  function,  however,  has  been 
much  more  carefully  investigated  by  Sladen  (1902),  who  found  that 
they  are  scent  organs  producing  a  strong  odor  even  when  the  part 
of  the  back  to  which  they  are  attached  is  removed  from  the  rest 
of  the  abdomen.  He  furthermore  identified  this  smell  as  the  same 
that  bees  give  off  when  a  lot  of  them  are  shaken  from  a  frame  on 
the  ground  close  to  the  front  of  the  hive.  Under  such  circumstances 
also,  as  in  natural  swarming  or  during  the  first  flights  in  the  spring 
or  after  a  period  of  bad  weather,  bees  are  well  known  to  produce  a 
peculiar  sound  called  the  "joyful  hum."  Sladen  observed  that  this 
was  produced,  in  the  case  of  bees  shaken  before  the  hive,  by  those 
individuals  who  first  found  the  hive  entrance,  then  by  those  next  to 
them,  until  very  soon  all  the  others  were  informed  of  the  location 
of  the  entrance  and  proceeded  to  make  their  way  in.  Also,  when  a 
swarm  loses  sight  of  its  queen,  those  Hhat  find  her  first  set  up  this 
"  joyful  hum  "  and  immediately  the  rest  of  the  swarm  is  attracted 
to  the  spot.  In  the  springtime  the  young  bees  seem  to  be  guided 
in  their  flights  by  this  same  hum  of  the  old  ones.  Sladen,  however, 
observing  the  odor  emitted  at  the  same  time,  thinks  that  this  and 
not  the  sound  is  the  real  means  of  information,  the  sound  being 
simply  incidental  to  the  special  movement  of  the  wings  produced 
for  the  purpose  of  blowing  the  odor  away  from  the  body.  He  argues 
that  we  have  no  evidence  of  an  acute  sense  of  hearing  in  bees,  while 
it  is  well  known  that  they  possess  a  delicate  sense  of  smell  located  on 
the  antennae.  This  argument  certainly  seems  reasonable,  and  we 
may  at  least  accept  Sladen's  theory  as  the  best  explanation  of  the 
function  of  the  glands  of  Nassanoff. 
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VI.   THE  ALIMENTARY  CANAL  AND  ITS  GLANDS. 

1.    THE     GENERAL    PHYSIOLOGY    OF    DIGESTION,     ASSIMILATION,      AND 

EXCRETION. 

It  is  no  exaggeration  to  say  that  eating  is  the  most  important  thing 
that  any  animal  does  and  that  its  alimentary  canal  is  the  most  im- 
portant organ  it  possesses.  The  entire  system  suffers  when  there  is  a 
deficiency  in  the  food  supply  or  an  impairment  in  the  digestive  appa- 
ratus. Every  other  function  is  either  subservient  to  or  dependent 
upon  that  which  furnishes  nourishment  to  the  cells.  The  senses  of 
sight,  smell,  and  taste  are  all  more  or  less  concerned  in  the  acquisition 
of  food.  The  muscular  system  enables  the  animal  to  hunt  for  it,  to 
dig  for  it,  to  climb  for  it,  or  to  chase  living  prey  either  on  the  ground, 
in  the  water,  or  in  the  air,  and  to  kill,  tear,  and  chew  it  when  ob- 
tained. The  blood  is  the  servant  of  the  stomach,  for  its  entire  func- 
tion in  insects  is  to  carry  the  products  of  digestion  to  the  body  cells. 
The  heart  furnishes  the  motor  power  of  the  blood.  The  respiratory 
function  is  accessory  to  that  of  digestion,  inasmuch  as  it  furnishes  the 
oxygen  which  unites  with  the  waste  materials  ejected  from  the  cells 
and  renders  them  capable  of  being  removed  from  the  blood.  This 
removal  is  accomplished  partly  by  the  respiratory  system  itself  and 
partly  by  special  excretory  organs.  Thus  we  see  that  the  sense  organs 
and  the  muscular  system  are  the  agents  that  cooperate  in  obtaining 
the  raw  food,  the  digestive  tract  is  the  kitchen  of  the  body  in  which 
the  food  is  prepared  for  use,  the  blood  is  the  waiter  that  distributes 
it,  while  the  respiratory  and  excretory  systems  are  the  refuse  gath- 
erers that  remove  waste  products.  The  nervous  system  holds  the  con- 
trolling power  over  all  these  organs.  It  regulates  them  in  the  per- 
formance of  their  duties  and  coordinates  their  actions  so  that  thev 
all  work  together.  It  makes  a  unified  organism  out  of  what  would 
otherwise  be  simply  a  complex  mass  of  variously  specialized  cells. 

The  reproductive  function  alone  contributes  nothing  to  the  indi- 
vidual. In  fact,  the  production  of  spermatozoa  by  the  male  and  of 
eggs  by  the  female  and  the  nourishing  of  the  embryo  and  the  young 
create  a  demand  upon  all  the  other  organs  for  material  which  is 
separated  from  the  individual  that  produces  it.  But  this  is  what  the 
organism  exists  for;  this  is  its  reason  for  being.  At  least  this  is 
what  it  amounts  to  in  the  case  of  the  individual,  though  from  a  wider 
philosophical  standpoint  the  real  truth  is  probably  just  the  reverse, 
viz,  any  species  exists  because  its  individuals  reproduce  themselves. 

The  writer  has  already  made  frequent  use  of  the  word  "  cell," 
assuming  that  the  reader  is  familiar  with  the  meaning  of  this  word 
as  used  in  anatomy  and  physiology.  The  entire  body  of  an  animal 
or  plant  is  made  up  of  cells  or  their  products.  The  word,  however,  is 
misleading,  for  a  cell  is  not  a  small  sac  or  empty  space,  as  was  at 
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Flo.  <2. — Alimentary  canal  of  worker  ( Phy-Rect) .  together  with  pharyngeal  glanilR  < 
and  salivary  glands  of  head  (I0J1  and  of  thorax  (301),  as  seen  by  cutting  body 
from  above  and  pulling  the  ventrlculus  (Kent)  out  to  left. 
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first  supposed  from  the  study  of  plants,  but  is  a  little  protoplasmic 
body  or  corpuscle,  visible  only  under  the  microscope,  surrounded  by 
a  membranous  cell  wall  and  containing  a  small  internal  body  called 
the  nucleus.  The  different  cells  of  the  body  are  specialized  in  groups 
to  do  some  one  particular  thing — the  salivary  cells  secrete  saliva,  the 
muscle  cells  contract,  the  excretory  cells  pick  out  waste  substances 
from  the  blood,  and  so  on.  But  this  specialization  does  not  signify 
that  each  cell  does  not  perform  its  own  vital  processes  in  addition  to 
its  specialty.  The  fact  that  it  remains  alive  and  works  means  that 
the  complex  chemical  components  of  its  body  substance  or  protoplasm 
are  constantly  being  reduced  to  simpler  compounds  which  are  ex- 
pelled, while  new  protoplasm  is  built  up  from  the  supply  of  food 
material  brought  by  the  blood.  This  double  process  of  destruction 
and  reconstruction  is  known  as  metabolism,  while  its  two  phases,  the 
breaking-down  process  and  the  building-up  process,  are  known  as 
katabolism  and  anabolism,  respectively. 

Now,  while  all  the  cells  of  the  body  must  have  nourishment,  none 
of  them,  except  those  of  the  alimentary  canal,  is  capable  of  utiliz- 
ing the  raw  food  materials  that  an  animal  obtains  in  a  state  of  nature. 
These  materials  must  therefore  be  changed  into  some  other  form  in 
order  that  they  may  be  assimilated  by  the  cells.  This  change  is  called 
digestion. 

The  single  cell  composing  the  body  of  a  Protozoan,  living  free  in 
nature,  digests  its  own  food  and  then  assimilates  the  products  of  its 
own  digestion.  But,  of  the  cells  constituting  the  body  of  any  mul- 
ticellular animal,  only  those  of  the  alimentary  canal  are  capable  of 
digesting  raw  foodstuffs,  and,  moreover,  as  digestion  is  the  specialty 
of  these  cells,  they  have  also  to  digest  the  food  for  all  the  other  cells 
of  the  body. 

The  two  most  important  changes  that  must  be  brought  about  in 
the  natural  food  by  digestion  are  those  which  make  it  soluble  in  the 
blood  and  which  render  it  capable  of  passing  through  animal  tissues. 
In  the  first  place,  the  food  must  diffuse  through  the  walls  of  the 
alimentary  canal  as  a  liquid  which  mixes  with  the  blood,  for  there 
are  no  pores  or  openings  of  any  sort  from  the  alimentary  canal  into 
the  body  cavity;  and  in  the  second  place,  it  must  pass  through  the 
walls  of  the  cells  themselves.  The  digestive  changes  result  chiefly  in 
a  breaking  down  of  the  complex  molecules  of  the  raw  food  materials 
into  more  simple  chemical  substances.  These  are  taken  up  by  the 
cells  and  reconstructed  into  complex  protoplasmic  molecules  which 
can  not  escape  through  the  cell  membrane  until  they  are  again  broken 
down  into  simpler  forms. 

The  waste  products  of  the  cells  consist  principally  of  carbon,  hy- 
drogen, and  nitrogen.  These  are  converted  by  the  oxygen  supplied 
by  the  respiratory  system  into  carbon  dioxid,  water,  and  compounds  of 
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urea.  The  first,  being  a  gas,  mixes  with  the  air  in  the  tracheal  tubes 
and  so  reaches  the  exterior  during  exhalation.  Much  of  the  water  is 
also  given  off  through  the  tracheal  system  in  the  form  of  vapor  which 
exhales  ^rom  the  spiracles,  but,  since  insects  are  covered  by  their 
hard  chitinous  shell,  it  is  probable  that  they  do  not  "  sweat."  The 
compounds  of  urea,  and  probably  also  some  water,  are  separated 
from  the  blood  by  the  excretory  glands,  called  Malpighian  tubules 
in  insects,  which  empty  their  products  back  into  the  alimentary 
canal,  whence  they  are  discharged  with  the  faeces  from  the  intestine. 

Digestion  is  brought  about  by  substances  called  enzymes  which  are 
contained  in  the  various  liquids  mixed  with  the  food  in  the  alimentary 
canal.  These  liquids  are  secreted  by  the  salivary  glands  and  by  the 
cellular  walls  of  the  stomach. 

2.    THE    SALIVARY    GLANDS. 

The  opening  of  the  salivary  duct  on  the  base  of  the  proboscis  has 
already  been  described  (see  pp.  49-51).  The  true  salivary  glands,  or 
those  corresponding  with  the  salivary  glands  of  other  insects,  are 
arranged  in  two  pairs,  one  situated  within  the  head  (figs.  19  and  42, 
2GI)  and  the  other  within  the  thorax  (fig.  42,  SGI).  The  four  ducts 
unite  into  one  median  tube,  which  enters  the  base  of  the  labium  (fig. 
19,  SalD)  and  opens  upon  the  upper  surface  of  the  ligula  (fig.  15  F, 
and  fig.  16,  SalDO).  The  large  and  conspicuous  glands  lying  within 
the  anterior  and  upper  parts  of  the  head  and  opening  into  the 
pharynx  will  be  described  later  in  connection  with  this  organ.  They 
are  special  pharyngeal  glands  in  no  way  homologous  with  the  salivary 
glands  of  other  insects,  and  are  by  many  supposed  to  secrete  the 
brood  food  instead  of  a  digestive  liquid  like  saliva. 

The  salivary  glands  of  the  head  (System  No.  2  of  Cheshire,  post- 
cerebral  glands  of  Bordas)  lie  against  the  posterior  walls  of  the 
cranium.  In  the  worker  each  consists  of  a  loosely  arranged  mass  of 
pear-shaped  follicles  or  acini  whose  individual  ducts  unite  irregu- 
larly with  one  another  and  eventually  form  a  common  duct  on  each 
side  (figs.  19,  42,  and  43  F,  2GI).  Their  two  ducts  unite  with  the 
median  duct  from  the  thoracic  glands  just  before  the  bases  of  the 
mesocephalic  pillars  (fig.  19).  In  the  drone  these  glands  have  a 
quite  different  appearance  from  those  of  the  female,  each  consisting 
of  a  compact  mass  of  very  small  follicles  connected  by  minute  ducts 
and  flattened  against  the  posterior  walls  of  the  head  (fig.  43  B  and  C, 
2GI).  A  large  lobe  of  this  gland  in  the  drone  extends  forward  on 
each  side  against  the  face,  between  the  compound  eye  and  the  clypeus 
(fig.  10  C,  2GI),  thus  occupying  the  position  of  the  large  mandibular 
gland  in  the  worker  (A,  lMdGl)  and  in  the  queen  (B,  lMdGl). 
There  is  also  a  prominent  triangular  mass  of  glandular  cells  in  the 
drone  situated  just  above  the  ocelli  (fig.  10  C,  2GI)  which  has  been 
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described  by  Bordas  (18!)S)  as  a  separate  gland  opening  by  two  ducts 
into  the  oesophagus  just  behind  the  pharynx.  The  writer,  however, 
has  been  utterly  unable  to  discover  any  such  ducts,  though  two  sus- 
pensorial  ligaments  of  the  anterior  end  of  the  oesophagus  are  at- 
tacked  to  the  wall  of  the  head  at  the  posterior  ends  of  these  glands 
(fig.  11  B,  g)  and  might  easily  be  mistaken  for  ducts.  These  4i  post- 
ocellar  glands  "  of  Bordas,  moreover,  appear  to  be  simply  detached 
lobes  of  the  postcerebral  glands.  They  are  prominent  also  in  the 
queen  (fig.  10  B,  SGI)  and  are  represented  by  a  few  follicles  in  the 
worker. 


f  Inrse  Inlernl  |ilinrvnjre»]  eland*  In  liead  of  worker:  B.  piece  of 
.■nry  glands  In  hend  iif  ilninr  ;  C.  poxtccrebrnl  glands  ItCll)  In  normal 
posterior  wnll  of  head  In  drone  :  D.  pharyngeal  plate  (si  of  worker, 
wing  buses  of  Intern  1  pharyngeal  glands  I/O))  and  tbelr  recoptaeula 
n  ventral  pharyngeal  clnnd  ([«'>  :  E,  corresponding  view  of  pharyngeal 
lowing  entire  abxenre  of  Intprnl  pharyngeal  glanda.  and  greater  devel- 
niedlnn  glands  I  (till  ;  !■".  part  of  postcereural  gland  of  worker. 

Bordas  describes  the  follicles  of  the  postcerebral  glands  in  the 
worker  as  hollow  sacs,  each  having  a  large  lumen  lined  with  a  chtti- 
nous  intima.  Their  secretion,  he  says,  is  a  thin  viscid  liquid,  pale 
yellow  in  color  and  having  n  slightly  alkaline  reaction.  According  to 
Schiemenz  (1883)  each  gland  is  developed  as  an  outgrowth  from  the 
common  duct  of  the  thoracic  glands. 

The  salivary  glands  of  the  thorax  in  the  bee  {System  No.  3  of 
Cheshire,  thoracic  soUrary  glmnh  of  Bordas)  are  the  ones  that  cor- 
respond with  the  ordinary  salivary  glands  of  other  insects.  They 
are  described  by  Schiemenz  (1883)   as  being  formed  inside  of  the 
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outer  covering  (tunica  propria)  of  the  first  part  of  the  larval  silk 
glands.  But  it  is  of  common  occurrence  in  insects  that  the  salivary 
glands  are  temporarily  specialized  as  silk-producing  organs  in  the 
larva.  In  the  adult  worker  these  glands  lie  in  the  ventral  part  of 
the  anterior  half  of  the  thorax  (fig.  42,  SGI).  The  two  are  widelv 
separated  anteriorly,  but  their  posterior  ends  are  contiguous.  Each 
consists  of  a  mass  of  small,  many-branched,  glandular  tubes  opening 
into-  several  collecting  ducts  which  empty  into  a  sac  near  the  ante- 
rior end  of  the  gland  (II).  From  each  of  these  reservoirs,  then, a  duct 
(Dct)  runs  forward  and  fuses  with  the  one  from  the  opposite  side 
just  within  the  foramen  magnum  of  the  head.  The  common  duct 
thus  formed  turns  downward  within  the  head,  receiving  the  two  ducts 
of  the  postcerebral  salivary  glands  and  then  enters  the  base  of  the 
mentum  (figs.  19  and  43  C,  SaJD)n  to  open  as  already  described  on  the 
upper  side  of  the  ligula  at  the  root  of  the  glossa  and  between  the 
bases  of  the  two  paraglossa?  (fig.  15  F  and  10,  Sal  DO).  The 
secretion  of  the  thoracic  glands  is  said  also  to  be  weakly  alkaline. 
Therefore  the  entire  salivary  fluid  poured  out  upon  the  labium  is 
alkaline,  and  it  must  be  designed  to  act  especially  upon  the  food 
taken  through  the  proboscis.  This  action,  furthermore,  on  account  of 
the  location  of  the  salivary  opening,  may  take  place  before  the  food 
enters  the  mouth. 

The  food  of  the  bee  consists  normally  of  pollen,  nectar,  and  honey. 
The  first  is  eaten  entirely  with  the  mandibles,  while  the  other  two  are 
taken  through  the  proboscis.  The  pollen  is  to  the  diet  of  the  bee  what 
meat  is  to  ours;  that  is  to  say,  it  contains  the  proteid  or  nitrogen- 
containing  ingredient  of  the  food  which  is  necessary  to  the  sup- 
port of  any  animal,  and  also  substances  comparable  with  fat,  called 
in  general  hydrocarbons.  The  nectar  and  honey  consist  principally 
of  grape  sugar,  fruit  sugar,  and  cane  sugar,  which  belong  to  the  class 
of  chemical  substances  known  as  carbohydrates.  Now,  all  of  these 
foodstuffs,  except  the  grape  and  fruit  sugars,  have  to  be  changed 
chemically  by  the  digestive  process  before  they  can  be  absorbed  into 
the^  blood.  The  pollen,  which  contains  the  proteids  and  hydrocarbons 
of  the  food,  is  taken  directly  into  the  mouth  by  means  of  the  man- 
dibles and  apparently  is  not  digested  until  it  reaches  the  small  in- 
testine, and  therefore  it  would  seem  that  it  is  the  cane  sugar  which 
must  be  affected  by  the  saliva.  The  change,  or  inversion,  as  it  is 
called,  of  cane  sugar,  which  has  a  very  large  molecule  (C12H22On), 
consists  of  its  reduction  to  grape  and  fruit  sugars  which  have  smaller 
molecules  (CflH12Oc).  Starch  (CflH10()r>)  must  also  be  reduced  to 
simpler  and  more  soluble  compounds  before  it  is  capable  of  absorp- 
tion. Its  inversion  is  effected  in  us  partly  by  the  saliva,  but  starch 
appears  to  form  a  very  inconsiderable  element  in  the  bee's  diet. 
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3.   THE   ALIMENTARY   CANAL. 

The  alimentary  canal  is  a  tube  which  extends  through  the  entire 
length  of  the  body  and,  on  account  of  being  more  or  less  coiled,  it  is 
generally  considerably  longer  than  the  length  of  the  body  in  insects. 
It  has  no  openings  of  any  sort  into  the  body  cavity.  The  internal 
organs  are  packed  closely  about  it,  and  the  interstices  are  filled  with 
the  blood,  there  being  no  special  arteries  or  veins  in  insects.  The 
amount  of  space  occupied  by  the  alimentary  canal  varies  according  to 
the  amount  of  food  it  contains,  and  for  this  reason  it  seldom  looks 
exactly  alike  in  any  two  individuals  examined. 

The  part  of  the  canal  immediately  following  the  mouth  forms  an 
enlargement  (fig.  42,  Phy)  called  the  pharynx.  Succeeding  this  is 
a  slender  tube  which  leaves  the  head  by  the  foramen  magnum  above 
the  small  transverse  tentorial  bar  and  traverses  the  entire  length 
of  the  thorax.  This  is  the  (esophagus  ((E).  In  the  anterior  part  of 
the  abdomen  the  (esophagus  expands  into  a  large  thin-walled  sac 
which  is  ordinarily  called  the  crop  or  ingluvies,  but  which,  in  the 
bee,  is  known  as  the  honey  stomach  (IIS).  Behind  this  is  a  short, 
narrow,  necklike  division,  with  rigid  walls  constituting  the  pro- 
ventriculus  (Pvent).  Then  comes  a  large  U-shaped  part,  with  thick, 
spongy-looking  walls  containing  numerous  annular  constrictions. 
This  is  the  ventriculus  (Vent),  or  stomach,  of  the  bee,  frequently  re- 
ferred to  as  the  "  chyle  stomach."  Following  the  ventriculus  is  a 
short,  narrow,  coiled  small  intestine  (SInt)  having  a  circle  of  about 
one  hundred  long,  greatly  coiled,  blind,  threadlike  tubes  opening  into 
its  anterior  end.  These  latter  are  called  the  Malpighian  tubules 
(Mai).  Functionally  they  do  not  belong  to  the  digestive  tract,  since 
they  are  excretory  organs,  corresponding  with  the  nephridia  of  other 
invertebrates  and  with  the  kidneys  of  vertebrates.  Following  the 
small  intestine  is  the  large  intestine,  or  rectum  (Rect),  which  is  often 
distended  by  its  contents  into  a  great  sac  occupying  a  large  part  of 
the  abdominal  cavity.  Six  whitish  bands  on  its  anterior  end  are 
called  the  rectal  glands  (RGl).  The  rectum  opens  to  the  exterior 
through  the  anus,  which  is  situated,  as  already  described,  at  the  end  of 
the  rudimentary  tenth  or  last  segment  of  the  abdomen  (fig.  41,  An). 

After  this  brief  general  survey  of  the  parts  of  the  alimentary 
canal,  we  shall  proceed  with  the  description  of  each  in  detail,  and  at 
the  same  time  give  what  is  known  of  the  role  each  plays  in  the 
process  of  digestion.  What  is  known,  however,  about  digestion  in 
the  bee,  or  in  any  insect,  for  that  matter,  really  amounts  to  nothing, 
but  the  views  of  various  writers  on  the  subject  must  be  discussed 
briefly,  in  order  to  show  how  little  has  actually  been  demonstrated. 

The  pharynx  (figs.  11  B,  19,  and  42,  Phy)  lies  in  the  anterior  part 
of  the  head  close  behind  the  clypeus,  extending  from  the   mouth 
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dorsally  to  above  the  antennae,  where  it  turns  posteriorly  and  con- 
tracts into  the  much  narrower  oesophagus  ((E).  Attached  to  its 
walls  are  numerous  suspensorial  muscles,  whose  contraction  must 
expand  the  pharyngeal  cavity,  while  the  latter  may  be  contracted 
by  the  sheet  of  muscles  surrounding  its  walls.  In  this  way  the 
pharynx  is  undoubtedly  able  to  perform  a  sucking  action,  by  means 
of  which  the  liquid  foods  are  taken  into  the  mouth.  Its  lateral 
walls  are  strengthened  by  two  long,  chitinous  rods  (figs.  11  B  and 
19,  A),  which  arise  from  a  median  anterior  plate  in  its  floor  (fig.  19,«). 
The  anterior  end  of  this  plate  is  prolonged  into  two  free,  tapering 
lobes  which  hang  down  over  the  lower  rim  of  the  mouth.  The  plate, 
in  the  worker,  and  the  bases  of  the  rods  are  shown  in  ventral  view, 
removed  from  the  pharyngeal  wall,  in  figure  43  D.  Near  where  the 
rods  join  the  plate  are  two  long,  chitinous  pockets  (mm),  opening 
above,  which  receive  the  ducts  of  the  two  large  glands  (1GI)  lying 
within  the  anterior  part  of  the  head.  Between  these  two  pockets  is  a 
transverse  row  of  cells  (4GI),  which  have  been  described  by  Bordas 
(1895)  as  the  "sublingual  glands,"  but  this  name  is  not  appropriate 
in  insects,  for,  while  the  gland  in  question  may  be  suggestive  of  the 
sublingual  salivary  gland  of  vertebrates,  it  does  not  lie  beneath  the 
tongue  or  lingua  of  the  bee.  Although  the  pharyngeal  plate  lies 
upon  the  floor  of  the  true  mouth,  it  is  not,  as  already  explained  (p. 
44),  the  equivalent  of  what  is  properly  called  the  tongue,  lingua,  or 
hypopharynx  in  other  insects — this  organ  being  absent  in  most 
Hymenoptera.  The  only  suggestion  the  writer  can  make,  however, 
is  to  call  this  group  of  cells  the  ventral  or  median  ventral  pharyngeal 
gland  in  distinction  to  the  large  lateral  glands.  A  comparative  view 
of  the  pharyngeal  plate  and  its  accessory  parts  in  the  drone  is  given 
in  figure  43  E.  The  plate  itself  (s)  is  shorter  than  in  the  worker, 
and  its  anterior  lobes  are  smaller.  The  lateral  glands  and  their 
receptacula  are  entirely  absent,  but  the  median  glands  (JfGl)  are 
much  larger  than  those  of  the  worker.  Bordas  says  that  each  acinus 
of  the  latter  glands  in  both  the  worker  and  the  drone  is  provided 
with  a  fine,  sinuous  canaliculus,  and  that  these  tiny  ducts  open 
separately  in  two  bundles  on  the  lateral  parts  of  the  pharyngeal 
plate.  The  lateral  glands  are  present  in  the  queen,  but  are  very  small 
and  rudimentary. 

Especial  interest  attaches  to  the  large  lateral  pharyngeal  glands  of 
the  worker  (System  No.  1  of  Cheshire,  the  supracerebral  glands 
of  Bordas),  because  they  are  regarded  by  many  as  the  source  of  the 
brood  food  and  the  so-called  "  royal  jelly,"  which  is  fed  to  the  larvae 
and  to  the  adult  queens  and  drones  by  the  workers.  Each  consists 
of  a  long  coiled  string  of  small  ovate  follicles  attached  to  one  median 
duct  (fig.  43  A)  and  the  two  are  intricately  packed  into  the  anterior 
and  upper  parts  of  the  head  (figs.  10  A,  19,  and  42,  l(rl).    Each 
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acinus  consists  of  a  solid  mass  of  several  small  cells,  which  are  pene- 
trated by  a  large  number  of  fine,  chitinous  ducts,  arising  in  the  neck 
of  the  acinus  from  the  common  duct  of  the  gland.  These  follicular 
ducts  can  be  very  clearly  shown  by  treating  a  part  of  the  gland  with 
weak  caustic  potash,  which  dissolves  the  protoplasm  of  the  cells 
and  brings  out  the  bunch  of  ductules  very  clearly. 

The  fact  that  these  glands  are  entirely  absent  in  the  drone  and  at 
best  rudimentary  in  the  queen  shows  that  they  must  in  some  way  be 
connected  with  the  special  functions  of  the  worker.     Schiemenz   ( 1883) 
and  Cheshire  (1886)  have  shown  that  their  development  in  the  dif- 
ferent species  of  bees  is  in  proportion  to  the  social  specialization. 
They  vary  from  a  group  of  cells  opening  by  separate  ducts  upon  the 
pharyngeal  plate  to  the  highly  developed  condition  they  present  in 
the  honey  bee.     The  writer  questions,  however,  whether  these  authors 
did  not  mistake  the  median  pharyngeal  glands  of  these  lower  genera 
of  bees  for  rudimentary  representatives  of  the  lateral  glands.    Bordas 
states  that  the  former  occur  in  all  Hymenoptera,  but  Schiemenz  and 
Cheshire  did  not  seem  to  recognize  them.    The  bumblebees  {Bombus) 
have  them  almost  as  well  developed  as  the  honey  bee  (A />««),  espe- 
cially the  large  females.    In  the  genus  Psythirus  they  are  similar  to 
those  of  Bombus  but  are  smaller,  while  in  such  genera  as  Andrena 
and  Anthophora  they  are  rudimentary  or  consist  of  a  few  scattered 
cells.     Both  Schiemenz  and  Cheshire  have  thus  argued  strongly  that 
these  glands  of  the  pharynx  are  the  organs  that  produce  the  brood 
food.     On  the  other  hand,  Schonfeld  (1886)  has  made  an  equally 
strong  plea  in  favor  of  the  ventriculus  as  the  producer  of  this  impor- 
tant material.      He  believes  that  the  brood  food,  especially  royal 
jelly,  is  regurgitated  chyle.     Both  Schonfeld  and  Cook  (1904)   fed 
l>ees  in  a  hive  some  honey  containing  powdered  charcoal  and  later 
found  this  in  the  brood  food  in  the  comb  cells,  thus  apparently  con- 
firming its  ventricular  origin.     However,  the  charcoal  that  got  into 
the  cells  might  have  come  from  the  mouth,  the  oesophagus,  or  the 
honey  stomach.      It,  of  course,  could  not  have   gone    through    the 
stomach  walls  and  entered  the  pharyngeal  glands,  as  proved  by  Dr. 
J.  A.  Nelson,  of  this  Bureau,  from  microtome  sections  of  bees  fed  on 
lampblack.    The  arguments,  then,  in  favor  of  the  stomach  and  the 
pharyngeal  glands  seem  equally  strong,  and  perhaps  the  truth  is,  as 
occurs  in  so  many  such  cases,  that  both  sides  are  right — that  the  brood 
food  is  a  mixture  of  chyle  from  the  stomach  and  of  secretion  from 
the  pharyngeal  glands. 

Arnhart  (1906)  seems  to  adopt  the  position  that  the  brood  food 
is  chyle  which  has  been  acidified  by  the  addition  of  an  acid  from  the 
glands.  He  states  that  the  acid  reaction  of  the  royal  jelly  is  due  to 
the  presence  of  three-fourths  of  1  per  cent  of  tartaric  acid.  The 
contents  of  the  ventriculus,  on  the  other  hand,  and  for  that  matter 
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of  all  the  parts  of  the  alimentary  canal,  are  alkaline.  Hence,  it 
seems  very  logical  to  suppose  that  if  the  brood  food  comes  from  the 
stomach,  its  acid  constituent  is  furnished  by  the  glands  in  the  head. 
But  the  difference  between  the  brood  food  found  in  the  cells  and  the 
contents  of  the  ventriculus  is  so  great  that  it  would  seem  as  if  a  very 
substantial  addition  of  something  more  than  a  mere  preservative  acid 
must  be  made  to  the  latter. 

The  brood  food  given  to  the  queen  larvae,  known  as  royal  jelly,  is  a 
gummy  paste  of  a  milky-white  color  when  fresh,  but  when  taken  out 
of  the  cell  it  soon  acquires  a  darker  tone  with  a  yellowish  tint.  Under 
the  microscope  it  appears  to  be  a  homogeneous,  very  minutely  granu- 
lar mass.  It  is  very  acrid  and  pungent  to  the  taste,  find  must  be 
strongly  acid.  Samples  examined  by  the  writer  taken  from  cells 
containing  queen  larva?  two  and  four  days  old  contained  a  number  of 
fresh  undigested  pollen  grains  but  no  bits  of  hairs  such  as  occur  in 
the  stomach. 

The  possible  ventricular  origin  of  a  part  of  the  brood  food  and  its 
regurgitation  will  be  further  discussed  when  we  treat  of  the  stomach 
(page  98).  The  writer  does  not  advocate  any  personal  view  regard- 
ing the  origin  of  this  larval  food — the  fact  is,  there  is  not  enough 
known  about  it  to  enable  one  to  formulate  any  opinion  worth  while. 
We  know  only  that  the  whitish  paste  comes  out  of  the  mouths  of  the 
workers,  but  we  know  nothing  of  where  it  is  made  or  of  how  it  is 
made.  Hence  wre  can  but  await  the  evidence  of  further  investigation. 
The  brood  food  is  fed  to  the  larvae  by  the  workers  and  is  produced 
in  greatest  abundance  by  the  younger  individuals.  The  larva*  of  the 
queens  are  said  to  receive  nothing  but  pure  royal  jelly  throughout 
their  entire  developmental  period,  while  the  larvae  of  the  drones  and 
the  workers  are  given  the  pure  product  only  during  the  first  three 
days  of  their  life.  From  the  beginning  of  the  fourth  day  on,  honey 
is  said  to  be  mixed  with  the  diet  of  the  drones  and  workers  and,  in 
the  case  of  the  former,  undigested  pollen  also.  Moreover,  the  adult 
queens  and  the  drones  receive  a  certain  amount  of  prepared  food 
throughout  their  lives;  if  they  do  not  get  it  they  become  weak.  While 
they  can  feed  themselves  with  honey  they  apparently  can  not  eat 
pollen,  and  consequently  are  not  able  to  obtain  the  proteid  element  of 
diet  unless  fed  this  in  a  predigested  condition  by  the  workers.  Dur- 
ing egg-laying  activity  the  queen  especially  demands  this  food,  and 
by  furnishing  or  withholding  it  the  workers  probably  have  the  power 
of  stimulating  or  inhibiting  her  production  of  eggs.  Arnhart  (1906) 
savs  that  the  workers  feed  it  to  weak  or  starved  members  of  their  own 
class,  the  material  being  accumulated  upon  the  upper  surface  of  the 
mentum  of  one  bee  whence  it  is  sucked  up  through  the  proboscis  by 
the  other.  All  of  these  statements,  however,  concerning  the  feeding 
of  the  brood  and  the  differences  in  the  diet  need  to  be  verified.     They 
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are  based  chiefly  on  the  work  of  Plant  a.  published  in  1888.  Cheshire 
(1886)  states  that  the  stomachs  of  queens  contain  a  substance  which 
is  "  microscopically  indistinguishable  from  the  so-called  royal  jelly." 
scarcely  a  pollen  grain  being  discoverable  in  it.  If  this  is  so,  it  would 
seem  to  prove  that  the  queen  is  fed  this  substance  by  the  worker,  for 
the  stomach  of  the  latter  is  invariably  filled  with  a  dark-brown  slime 

containing  a  vary- 
ing amount  of  pol- 
len and  in  no  way 
resembling  royal 
jelly.  Cheshire 
further  says  that 
before  impregna  - 
tion    the   stomachs 

of    the   queens    al- 
•nt  ,  -  . 

ways  contain  pol- 
len, the  royal  jelly 
lt  being  found  in 
them  two  or  three 
days  after  impreg- 

D  nation,     when     all 

traces  of  pollen 
have  disappeared. 

The  narrow 
oesophagus  (fig.  42, 
(E)  is  a  simple  tube 
with  a  thick  chiti- 
nous  lining  and 
muscular  walls. 
V  The  epithelium  (fig. 

45)    is  very   rudi- 
mentary,   its     cell 
L  boundaries   being 

FlQ.  44. — A,  honey  stomach  (J/«»  of  worker  with  [Hi*  tor  lor  end  lost    and    its    nuclei 

of   owophBEuB    «tf>,    proventrleulus    Witnl,.    and    anterior  ,y    ,    ann<ln_jn„  B, 

end  of  vcntrleulHS    llMl);   11.   same  of  quiwii ;   C.   honey  {"ut   appearing  as 

stomach    IMS)    ^t    worker    mostly    cut    away    ejposlng    the  if   imbedded   ill   the 

stomach-mouth  dm)  of  provcnlrleulus   (/'cent,   leading  Into  ,  laVers  of  the 

ventrlculus  (Vent)  ;  D,  honey  stomach  of  drone.  JOWer  layers  OI  me 

thick  transparent 
intima  (Int).  The  muscles  are  disposed  in  an  outer  layer  of  trans- 
verse fibers  {TMcl)  and  an  inner  layer  of  longitudinal  ones  (LMcl). 
The  honey  stomach  (fig.  4ii,  IIS)  is  simply  an  enlargement  of  the 
posterior  end  of  the  oesophagus  lying  within  the  anterior  part  of 
the  abdominal  cavity.  It  is  best  developed  in  the  worker  (fig.  44  A), 
but  is  present  also  in  the  queen  (B)  one!  in  the  drone  (D).  The 
organ  should  perhaps  have  been  named  the  nectar  stomach,  for  its 
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principal  function  in  the  bee  is  to  hold  the  nectar  as  it  is  collected 
from  the  flowers  and  to  allow  the  worker  to  accumulate  a  consider- 
able quantity  of  this  liquid  before  going  back  to  the  hive.  Hence, 
since  the  honey  stomach  is  a  sac  with  very  distensible  walls,  its 
apparent  size  varies  greatly.  When  empty  it  is  a  small  flabby  pouch, 
but  when  full  it  is  an  enormous  balloon-shaped  bag  with  thin  tense 
walls.  The  histological  structure  of  the  honey  stomach  (fig.  45,  HS) 
is  exactly  the  same  as  that  of  the  oesophagus.  The  numerous  high 
folds  into  which  its  epithelium  (Ej>th)  is  thrown  permit  the  enor- 
mous expansion  of  which  the  sac  is  capable.  When  a  worker  with 
its  honey  stomach  filled  with  nectar  reaches  the  hive,  the  nectar  is 
either  stored  directly  in  a  cell  or  is  given  up  first  to  some  other 
worker,  who  places  it  in  a  cell. 

It  would  appear  that  all  the  food  swallowed  by  a  bee  must  go  first 
into  the  honey  stomach,  and  since  the  bee's  diet  consists  of  pollen  and 
honey  as  well  as  nectar,  one  would  suppose,  that  in  regurgitating  the 
latter  the  bee  would  also  disgorge  the  pollen  it  might  have  recently 
eaten.  Honey  which  is  made  from  the  regurgitated  nectar  does 
indeed  contain  some  pollen,  but  most  of  the  pollen  eaten  by  the  bee 
is  undoubtedly  retained  in  the  stomach  as  food.  The  apparatus  by 
means  of  which  the  pollen  is  supposed  to  be  separated  from  the  nec- 
tar belongs  to  the  following  division  of  the  alimentary  canal,  but  it 
is  not  known  that  the  worker  takes  nectar,  and  pollen  for  food,  into 
its  honey  stomach  at  the  same  time. 

The  proventriculus  (figs.  42  and  44,  Pvent)  forms  the  necklike  stalk 
between  the  honey  stomach  (US)  and  the  true  stomach  or  ventricu- 
lus  (Ve?i,t),  but  a  very  important  part  of  it  also  projects  up  into  the 
honey  stomach  (fig.  44  C).  If  the  honey  stomach  be  slit  open,  a 
short,  thick,  cylindrical  object  will  be  seen  invaginated  into  its  pos- 
terior end  and  having  an  X-shaped  opening  at  its  summit  (fig.  44  C, 
n?i).  This  opening  is  the  mouth  of  the  proventriculus,  and  its  four 
triangular  lips,  which  are  thick  and  strong,  mark  four  longitudinal 
ridges  of  the  proventricular  tube.  This  structure  is  commonly  known 
as  the  u  stomach-mouth  "  and  is  supposed  to  be  an  apparatus  de- 
signed especially  to  enable  the  worker  to  pick  out  pollen  grains  from 
the  honey  stomach  and  swallow  them  on  down  into  the  true  stomach 
or  ventriculus,  while  the  nectar  is  left  to  be  stored  in  the  hive. 
Cheshire  says :  "  While  the  little  gatherer  is  flying  from  flower  to 
flower  her  stomach-mouth  is  busy  separating  pollen  from  nectar." 
This  notion  is  so  prevalent  among  bee  writers  in  general  that  it 
passes  for  a  known  truth.  Yet  it  has  really  never  been  shown  that 
the  worker  eats  pollen  while  she  is  gathering  nectar.  Probably  no 
more  pollen  is  ever  mixed  with  the  nectar  in  the  honey  stomach  than 
is  found  in  the  honey  itself.  Furthermore,  under  normal  conditions 
pollen  never  accumulates  in  the  honey  stomach,  even  when  the  bee 
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is  not  collecting  nectar — or,  at  least,  the  writer  has  not  observed  it — 
while,  finally,  both  the  proventriculus  and  its  mouth  are  just  as  well 
developed  in  the  queens  and  drones  as  in  the  workers,  though  neither 
of  the  former  are  known  to  eat  pollen,  and  they  certainly  do  not 
gather  nectar. 

If  the  honey  stomach  be  cut  open  in  a  freshly  killed  bee,  the 
proventricular  mouth  may  be  seen  still  in  action.  The  four  lips 
spasmodically  open  wide  apart  with  a  quivering  motion  and  then 
tightly  roll  together  and  sink  into  the  end  of  the  proventricular 
lumen.  This,  of  course,  suggests  their  picking  pollen  out  of  the 
nectar,  but  it  is  probably  simply  the  ordinary  process  by  means  of 
which  the  proventriculus  passes  any  of  the  food  in  the  honey  stomach 
on  to  the  ventriculus.  Nearly  all  insects  have  some  such  proventricu- 
lar apparatus,  which  simply  takes  the  stored  food  from  the  crop  as 
it  is  needed  by  the  stomach.  In  some  insects  it  forms  apparently  a 
straining  apparatus,  which  prevents  coarse,  indigestible  fragments 
from  entering  the  stomach,  while  in  some  the  proventriculus  may  be 
a  triturating  organ  comparable  with  a  bird's  gizzard.  Bees,  how- 
ever, do  not  crush  the  pollen  either  in  their  mandibles  or  in  the 
proventriculus,  for  it  occurs  in  perfect  condition  in  the  ventriculus. 

Hence,  before  the  current  notion  that  the  "  stomach-mouth  "  is 
for  the  special  purpose  of  taking  pollen  out  of  the  nectar  in  the 
honey  stomach  can  be  accepted  it  must  be  first  demonstrated  that 
the  workers  eat  pollen  while  the  honey  stomach  contains  nectar  to 
be  stored  in  the  cells,  i.  e.,  any  more  than  is  disgorged  along  with 
the  nectar;  and,  secondly,  a  reason  must  be  shown  why  the  queens 
and  drones  should  have  a  u  stomach-mouth  "  as  well  developed  as 
that  of  the  worker.  In  the  meantime  it  appears  most  logical  to 
regard  the  proventricular  mouth  as  simply  the  ordinary  apparatus, 
possessed  by  insects  in  general,  by  means  of  which  all  of  the  food  is 
passed  from  the  crop  to  the  stomach. 

A  longitudinal  section  through  the  honey  stomach,  the  proventric- 
ulus, and  the  anterior  end  of  the  ventriculus  is  shown  in  figure  45, 
which  is  made  from  a  queen.  The  proventriculus  does  not  differ  from 
that  of  a  worker,  but  the  honey  stomach  is  smaller  and  not  so  much 
turned  to  one  side  (cf.  fig.  44  A  and  B).  The  two  muscle  layers  of 
the  oesophagus  continue  down  over  the  walls  of  the  honey  stomach 
(TMcl  and  LMcl).  The  outer  layer  of  transverse  fibers,  however, 
ceases  at  the  posterior  end  of  this  organ,  while  the  longitudinal  fibers 
continue  posteriorly  over  the  proventriculus  and  the  ventriculus  as 
an  external  layer  {LMcl).  A  new  layer  of  internal  transverse  fibers 
begins  on  the  proventricular  walls  and  extends  backward  on  the 
ventriculus  (TMcl)  beneath  the  longitudinals.  Hence  the  muscles 
on  the  oesophagus  and  crop  are  in  reverse  order  from  those  of  the 
proventriculus  and  ventriculus.    The  proventriculus  is  deeply  in- 
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vagina  ted  into  the  posterior  end  of  the  honey  stomach.  Each  lobe 
of  its  mouth  forms  a  thick  triangular  ridge  on  the  walls  of  its 
lumen,  in  which  lies  a  special  mass  of  longitudinal  muscle  fibers 
(LMcl).  The  epithelium  of  the  lumen  is  lined  by  a  thick,  smooth, 
chitinous  intima  (/«/),  while  the  lobes  of  the  mouth  (tin)  are  pro- 
vided with  bristles  point- 
ing inward  and  backward 
into  the  mouth  opening. 

The  posterior  opening 
of  the  proventriculus  into 
the  ventriculus  is  guarded 
by  a  long  tubular  fold 
of  its  epithelium  (fig.  45, 
PventVlv),  the  proventric- 
ular  valve.  This  would 
appear  to  constitute  an 
effective  check  against  the 
escape  of  any  food  back 
into  the  proventriculus.  It 
looks  like  one  of  those  traps 
which  induces  an  animal  to 
enter  by  a  tapering  funnel 
but  whose  exit  is  so  small 
that  the  captive  can  not 
find  it  from  the  other  side.  ^ 
Yet  Schonfeld  has  elab- 
orately described  experi- 
ments by  means  of  which 
he  induced  the  ventriculus 
to  discharge  its  contents 
through  the  proventriculus 
into  the  honey  stomach  and 
even  into  the  end  of  the 
oesophagus.  He  says  that 
he  did  this  by  gently  tap- 
ping on  the  honey  stomach     Pia.  4r,.— Longitudinal  modi™  wctioo  of  b««  <,r 

and    the    Ventriculus   at   the  (esophagus  ((Khhoneyslomacti  U/S>,proventricu- 

same  time.  The  experiment  ,ua  iPce'lt,  *"*  VCD,rl<:u,UH  ' ,eB"  ot  '  1"reen- 
was  repeated  many  times  with  unvarying  results  and  Schonfeld  de- 
scribes so  minutely  what  happened  that  we  can  not  disbelieve  his 
statements.  From  these  experiments  he  argues  that  the  larval  food- 
stuff is  prepared  in  the  stomach  and  regurgitated  through  the  proven- 
triculus directly  into  the  <rsnphagus  by  a  contraction  of  the  honey 
stomach  which  brings  the  stomach-mouth  against  the  base  of  the  cesoph- 
22181— No.  18—10 7 
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agus.     We  shall  have  to  postpone  a  further  discussion  of  this  subject 
to  page  99,  after  the  ventriculus  and  its  contents  have  been  described. 

The  ventriculus  (fig.  42,  Vent)  is  the  largest  part  of  the  alimentary 
canal  in  the  bee  and  is  bent  into  a  U-shaped  loop  of  which  the  pos- 
terior arm  is  dorsal.  It  is  cylindrical  and  does  not  vary  so  much  in 
shape  and  diameter  according  to  its  contents  as  do  the  other  parts  of 
the  canal,  although  the  numerous  transverse  constrictions  which  give 
it  a  segmented  appearance  are  not  at  all  constant.  When  examined 
under  alcohol  the  ventriculus  has  an  opaque  whitish  appearance,  but 
in  the  natural  condition — that  is,  as  seen  when  examined  in  a  freshly 
killed  or  asphyxiated  bee — it  is  of  a  dark -brown  color  with  lighter 
rings  corresponding  to  the  constrictions.  The  latter  represent  in- 
ternal folds  where  the  walls  are  really  thicker  than  elsewhere,  the 
color  being  due  to  the  contents  which  naturally  show  more  plainly 
through  the  thin  parts. 

The  contents  of  the  ventriculus  invariably  consist  of  a  dark  brown 
mucilaginous  slime  and  generally  also  of  a  varying  amount  of  pollen. 
The  latter  is  most  abundant  in  the  posterior  arm  of  the  ventricular 
loop  and  is  often  densely  packed  in  its  rear  extremity,  while  the  an- 
terior arm  may  be  almost  entirely  free  from  it.  The  pollen  in  the 
ventriculus  is  always  fresh-looking,  the  native  color  showing  dis- 
tinctly through  the  enveloping  slime  while  most  of  the  grains  yet  re- 
tain all  of  their  contents.  The  writer  has  examined  many  samples 
of  pollen  from  the  stomachs  of  workers  and,  in  all,  the  great  mass  of 
it  showed  no  evidence  of  digestion,  the  color  being  fresh  and  the 
contents  perfect — only  a  few  had  the  latter  shrunken  and  seldom  was 
an  empty  shell  observed.  On  the  other  hand,  the  pollen  contained 
in  the  small  intestine  has  invariably  lost  its  bright  color,  the  contents 
of  the  majority  of  the  grains  are  more  or  less  shrunken,  while  a  num- 
ber of  empty  shells  are  to  be  found.  That  in  the  rectum,  finally,  con- 
sists in  large  part  of  empty  shells  or  of  grains  having  the  contents 
greatly  shrunken  and  apparently  mostly  dissolved  out,  although  a 
few  perfect  and  bright-colored  grains  are  always  present,  looking  as 
if  entirely  unaffected  by  the  digestive  liquids.  From  these  observa- 
tions the  writer  would  conclude  that  the  digestion  of  pollen  takes 
place  principally  in  the  intestine.  In  all  parts  of  the  alimentary 
tract  there  occur  numerous  bits  of  feathered  bee-hairs,  but  these  seem 
to  be  especially  numerous  in  the  ventriculus. 

We  are  now  in  a  position  to  discuss  the  possibility  of  the  production 
of  the  brood  food  in  the  stomach.  kSchonfeld  (1886),  as  has  already 
been  stated,  argues  that  this  substance  is  regurgitated  "chyle"  from 
the  ventriculus.  Arnhart  (190G)  adopts  this  view  and  elaborates 
considerably  upon  the  chemical  process  by  means  of  which  the  trans- 
formation of  u  chyle  "  into  this  larval  food  is  effected  through  the 
addition  of  tartaric  acid  from  the  pharyngeal  glands  of  the  head. 
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The  ventricular  contents  do  become  slightly  milky  when  treated  with 
a  solution  of  tartaric  acid,  but  they  are  not  changed  into  anything 
at   all  resembling  royal  jelly.    Moreover,  a  transformation  of  the 
brown  slimy  contents  of  the  ventriculus  into  the  white  gummy  paste 
on  which  the  larvae  are  fed  does  not  seem  possible  without  the  addi- 
tion of  much  other  material.    In  fact  the  added  material  must  make 
up  the  conspicuous  part  of  the  larval  foodstuff  and,  from  a  purely 
argumentative  standpoint,  it  would  not  seem  necessary  to  assume  that 
it  contains  any  "  chyle  "  at  all.     Again,  if  it  were  not  for  Schonfeld's 
experiments  one  could  not  easily  believe  that  the  food  could  be  dis- 
gorged through  the  proventricular  valve.    The  conspicuous  action  of 
the  proventricular  mouth  is  a  swallowing  motion,  and  the  writer  has 
not  been  able  to  induce  the  ventriculus  to  disgorge  its  contents 
through  it  in  the  way  that  Schonfeld  describes,  although  perhaps 
sufficient  care  was  not  observed  in  exposing  the  organs.     Cheshire 
states  that  the  proventricular  tube  (fig.  45,  PventVlv)  in  the  ventricu- 
lus "  rather  makes  regurgitation  improbable  than  impossible,"  while 
he  argues  that  the  down-pointing  bristles  of  the  stomach-mouth  would 
further   interfere  with   this   process.     Cowan   adopts   the   view   of 
Dufour  and  Schonfeld  that  the  brood  food  is  of  ventricular  origin, 
and   says   in  this  connection:  "Although   saliva   from  the  glands 
(especially  System  I)  is  probably  added  to  the  food,,  this  can  not, 
from   its  great  variability,  be  entirely   a   secretion,   as  stated   by 
Schiemenz.    The  work  of  Doctor  Planta,  we  think,  conclusively  proves 
that  the  food  is  not  a  secretion,  and  that  the  nurses  have  the  power 
of  altering  its  constituents  as  may  be  required  for  the  different  bees." 
If  the  variation  of  the  food  is  under  the  control  of  the  workers  pro- 
ducing it,  it  does  indeed  look  impossible  that  it  should  be  produced 
entirely  by  glands.     Cowan  illustrates  by  a  diagram  how  regurgita- 
tion through  the  proventriculus  may  be  possible  in  spite  of  the  pro- 
ventricular tube  projecting  into  the  ventriculus.     Since  this  tube  is 
simply  a  cylindrical  fold  its  walls,  as  shown  in  figure  45,  PventVlv, 
consist  of  two  layers,  and  Cowan  says  that  "  when  the  bee  wishes  to 
drive  the  chyle  food  from  the  chyle-stomach  (Vent)  into  the  cells 
it  forces  the  stomach-mouth  (nn)  up  to  the  oesophagus  ((E)  and  the 
prolongation  (PventVlv)  unfolds,  extending  the  chyle-stomach  to  the 
oesophagus,  making  a  direct  communication  through  which  the  food 
is  forced  by  compression  of  the  chyle-stomach  by  its  muscles."    The 
honey-stomach  of  the  worker  is  much  larger  than  that  of  the  queen, 
shown  by  figure  45,  in  which  there  is  not  enough  space  for  the  unfold- 
ing of  the  proventricular  tube.     This  mechanism  suggested  by  Cowan 
looks  simple  and  conclusive  in  a  diagram,  but  when  one  attempts  to 
unfold  the  proventricular  tube  by  grasping  the  stomach-mouth  in  a 
pair  of  fine  forceps  and  pulling  the  top  of  the  proventriculus  upward 
it  is  found  that,  while  the  tube  can  be  entirely  straightened  out,  doing 
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so  involves  the  tearing  of  all  the  fine  muscle  fibers  and  tracheal 
branches  uniting  the  honey-stomach  to  the  upper  end  of  the  ventricu- 
lus  (fig.  45).  If,  then,  the  organ  itself  can  not  be  made  to  work 
according  to  this  scheme,  it  might  be  supposed  that  the  inner  wall  of 
the  proventriculus  and  the  tube  are  evaginated  through  the  stomach- 
mouth  (nn),  but  the  walls  of  the  former  certainly  appear  to  be  en- 
tirely too  rigid  to  permit  of  any  such  performance  as  this.  Finally, 
it  is  not  clear  how  any  eversion  of  the  tube  could  be  produced  by  the 
proventricular  muscles  as  they  exist. 

The  various  facts  and  arguments  bearing  on  the  origin  of  the 
brood  food  may  be  summarized  as  follows : 

1.  The  brood  food  itself  is  a  milky-white,  finely  granular,  and 
gummy  paste  having  a  strong  acid  reaction  said  to  be  due  to  the 
presence  of  tartaric  acid. 

2.  The  pharyngeal  glands  of  the  head  are  developed  in  proportion 
to  the  social  specialization  of  the  various  species  of  bees;  they  are 
always  largest  in  those  individuals  that  feed  the  brood,  and  they 
reach  their  highest  development  in  the  workers  of  the  honey  bee. 
From  this  it  would  seem  that  they  are  accessory  to  some  special 
function  of  the  worker. 

3.  The  contents  of  the  stomach  in  the  workers  consist  of  a  dark 
brown,  slimy,  or  mucilaginous  substance  in  no  way  resembling  the 
brood  food,  even  when  acidulated  with  tartaric  acid.  Pollen  is 
present  in  varying  quantity,  mostly  in  the  posterior  end  of  the 
stomach,  and  shows  little  or  no  evidence  of  digestion.  Since  the 
brood  food  is  highly  nutritious,  it  must  contain  an  abundance  of 
nitrogenous  food  material  which  is  derived  only  from  pollen  in  the 
bee's  diet.  Therefore  it  is  not  clear  how  the  stomach  contents  can 
alone  form  brood  food. 

4.  The  constituents  of  the  food  given  to  the  different  larvae,  at 
different  stages  in  their  growth,  and  to  the  adult  queens  and  drones 
show  a  constant  variation  apparently  regulated  by  the  workers  pro- 
ducing it.  A  variation  of  this  sort  can  not  be  explained  if  it  is 
assumed  that  the  brood  food  is  produced  by  the  glands  alone. 

5.  Powdered  charcoal  fed  to  a  hive  of  bees  appears  after  a  short 
time  in  the  brood  food  in  the  cells,  and  this  has  been  urged  as  proof 
that  the  latter  is  regurgitated  "  chyle."  But  it  is  certainly  entirely 
possible  that  the  charcoal  found  in  the  food  might  have  come  only 
from  the  honey  stomach  or  even  from  the  oesophagus  or  mouth. 

6.  We  have  Schonfeldk  word  for  the  statement  that  a  regurgita- 
tion of  the  stomach  contents  may  be  artificially  induced  by  irritation 
of  the  honey  stomach  and  ventriculus  in  a  freshly  dissected  bee,  but 
all  explanations  offered  to  show  how  this  is  mechanically  possible 
in  spite  of  the  proventricular  valve  are  unsatisfactory  when  the 
actual  anatomical  structure  is  taken  into  consideration. 


THE  ALIMENTARY   CANAL  AND   ITS   GLANDS.  101 

The  only  conclusion,  then,  that  we  are  really  warranted  in  draw- 
ing cgncerning  the  origin  of  the  royal  jelly  or  of  any  of  the  larval 
food  paste  is  that  we  do  not  know  anything  about  it.  Cheshire  is 
probably  responsible  for  the  widespread  opinion  that  it  is  formed 
by  the  pharyngeal  glands,  though  Schiemenz  (1883)  published'  a 
large  paper  containing  this  theory  three  years  before  Cheshire's 
book  was  printed.  The  "  chyle  "  theory,  which  also  has  many  advo- 
cates, originated  with  Dufour  but  was  principally  elaborated  by 
Schonfeld.  Arnhart  would  derive  the  brood  food  from  both  the 
stomach  and  the  glands.  But  we  are  still  absolutely  in  the  dark, 
since  we  lack  definite  and  conclusive  information.  A  satisfactory 
study  of  the  subject  would  involve  the  chemical  investigation  of 
very  minute  quantities  of  substances,  and  it  may  be  a  long  time  before 
any  interested  person  is  found  capable  of  undertaking  a  work  of  this 
sort.  The  writer  of  the  present  paper  is  professedly  preparing  an 
account  only  of  the  structure  of  the  organs,  but  is  doing  this  with 
the  hope  that  it  may  furnish  a  basis  for  some  future  investigator  who 
shall  have  time  to  devote  himself  to  a  study  of  the  chemistry  and 
physiology  of  the  digestive  organs  and  their  glands. 

In  vertebrate  animals  the  digestive  secretion  of  the  stomach  is  acid 
and  its  enzymes  bring  about  especially  the  digestion  of  proteids.  The 
resulting  acid  mixture  is  called  chyme.  In  the  intestine  the  contents 
are  flooded  with  various  alkaline  liquids  whose  enzymes  then  take  up 
the  digestion  of  the  other  food  elements.  The  final  prepared  product, 
which  is  absorbed  by  the  lacteals,  is  called  chyle.  These  names  have 
been  applied  to  the  contents  of  the  alimentary  canal  in  insects — espe- 
cially by  Arnhart  (1906),  who  speaks  of  the  material  undergoing 
digestion  as  "  chyme  "  and  the  completed  products  as  "  chyle."  But 
absolutely  nothing  is  known  of  the  digestive  process  in  insects  beyond 
the  fact  established  by  Plateau  (1874)  that  the  contents  of  all  parts  of 
the  alimentary  tract  are  alkaline  during  digestive  activity  and  either 
neutral  or  weakly  alkaline  at  other  times.  Hence,  if  we  make  use  of 
these  words  in  insect  physiology,  it  must  be  with  the  understanding 
that  no  chemical  significance  is  implied.  The  ventriculus  is  very 
commonly  called  the  "  chyle  stomach  "  but  there  is  probably  no  reason 
for  calling  it  a  "  chyle  stomach  "  any  more  than  a  "  chyme  stomach," 
and  likewise  there  is  no  reason  for  supposing  that  the  intestine  does 
not  contain  chyle — in  fact,  it  almost  certainly  does.  The  word 
"  chyle  "  may  be  used  with  entire  propriety  in  insect  physiology  to 
signify  the  completed  products  of  digestion,  but  to  dasignate  a  part 
of  the  alimentary  tract  as  the  "  chyle  stomach  "  is  applying  the  term 
without  an  adequate  basis  of  facts. 

The  contents  of  the  ventriculus  are  surrounded  by  several  concen- 
tric layers  of  thin  filmy  membrane  which  form  an  interior  tube  ex- 
tending the  entire  length  of  the  stomach  and  reaching  down  into  the 
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anterior  end  of  the  intestine.  This  tube  can  be  very  easily  seen  by 
carefully  cutting  open  the  outer  walls  of  the  ventriculus,  but  it  i* 
best  demonstrated  by  transverse  microtome  sections  of  a  specimen 
prepared  for  histological  purposes.  Such  a  section  is  shown  by  figure 
46  A.  A  small  amount  of  solid  food  matter  (qq)  is  seen  in  the  cen- 
ter of  the  specimen,  surrounding  which  are  numerous  irregular  con- 
centric rings  of  membrane  (Pmb),  some  adhering  to  each  other  in 
places,  others  entirely  free,  most  of  them  structureless,  but  others 
partly  cellular.  These  are  known  as  the  peritrop/iic  rrumbratu* 
(Pmb).  They  keep  the  solid  contents  of  the  stomach  away  from  the 
epithelial  walls,  from  which,  as  will  be  presently  explained,  they  are 
given  off  from  time  to  time. 

The  walls  of  the  ventriculus  (fig.  46  A)  are  thick  and  consist  of 
numerous  cells  (Epth)  apparently  very  irregularly  arranged.  On 
their  inner  surfaces  is  a  thin  intima  (Int)  and  on  their  outer  surfaces 
a  still  finer  basement  membrane  (BM).  Outside  of  the  last  are  two 
layers  of  muscles,  the  external  layer  consisting  of  longitudinal  fibers 
(LMcl)  and  the  inner  of  transverse  ones  (TMcl).  Numerous  an- 
nular depressions  of  the  walls  form  internal  folds  (fig.  45),  but  any 
part  of  the  ventricular  wall  can  be  stretched  out  into  a  flat  sheet, 
which  is  then  seen  to  be  full  of  little  pits,  giving  the  whole  a  screenlike 
appearance.  Sections  show  that  the  pits  "result  from  circular  invagi- 
nations of  the  basement  membrane  (fig.  46  B,  BM),  and  that  at  the 
bottom  of  these  pockets  the  cells  are  very  small  and  convergent,  while 
those  on  their  lips  are  very  large.  Figure  46  B  is  a  very  perfect 
example  of  this  structure  of  the  epithelium,  which  is  usually  more 
or  less  obscured,  as  in  figure  46  A,  by  a  great  proliferation  of  small 
cells  from  the  lips  of  the  cups — and  then  a  large  section  seldom  gives 
a  symmetrical  view  of  all  the  parts.  The  cups  are  all  filled  to  over- 
flowing by  a  gelatinous  mass  (pp)  which  fuses  over  their  edges  into 
a  continuous  coating  beneath  the  intima  over  the  entire  inner  surface 
of  the  epithelium.  This  mass  appears  to  be  formed  mostly  by  the 
cells  at  the  bottoms  of  the  cups,  for  the  outermost  of  these  (fig.  46  B, 
rr)  often  insensibly  fade  into  it. 

Figure  46  E  shows  an  opposite  condition  of  the  epithelial  cells. 
Here  the  lip  cells  of  the  cups  appear  to  be  very  actively  dividing, 
and  proliferating  a  great  number  of  small  cells  '(Em)  which  float 
off  into  the  gelatinous  covering.  These  discharged  cellules  are  all 
nucleated,  but  their  protoplasm  does  not  stain  in  preparations  and 
consequently  they  appear  clear  and  transparent  as  compared  with  the 
cells  they  apparently  come  from.  The  writer  has  not  been  able  to  find 
any  of  these  cells  actually  in  the  process  of  division,  but  a  comparison 
of  figures  B  and  E  (which  are  camera  lucida  drawings  and  not  dia- 
grams) would  certainly  suggest  that  the  condition  of  the  cells  in  E 
has  resulted  from  a  very  active  division  of  the  cells  of  the  walls  and 
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lips  of  the  cups,  which  are  quiescent  in  B.  Comparing  this  with 
what  is  known  to  take  place  in  other  insects  during  digestion,  there 
is  every  reason  for  believing  that  the  proliferated  cellules  are  filled 
with  the  digestive  secretion,  and  that  E  represents  a  stage  immedi- 
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ately  subsequent  to  one  of  greatest  secretive  activity,  in  which  there 
is  a  large  number  of  little  cells  (Ens)  highly  charged  with  the 
enzyme-containing  digestive  juices  imbedded  in  a  gelatinous  matrix 
covering  the  inner  surface  of  the  epithelium.     This  matrix  next 
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separates  itself  from  the  ends  of  the  remaining  epithelial  cells,  which 
at  the  same  time  secrete  a  new  intima  over  their  inner  surfaces.  The 
lower  part  of  figure  46  A  shows  this  indisputably.  The  whole  thing, 
then,  finally  contracts  about  the  food  and,  as  the  digestive  cellules 
give  up  their  contents,  shrivels  and  shrinks  and  becomes  a  peritrophic 
membrane.  In  figure  A  the  outermost  peritrophic  layer  is  still  in 
both  conditions— its  dorsal  part  is  shrunken  to  a  thin  membranous 
form,  while  its  lower  part  is  gelatinous  and  filled  with  secretion 
cellules,  though  it  is  separated  from  the  epithelium  by  a  new  intima 
and  is  detached  at  intervals  from  the  latter.  Beneath  the  new  intima, 
furthermore,  is  seen  at  places  the  formation  of  a  new  gelatinous  mass. 
Some  of  the  inner  peritrophic  layers  shown  in  A  also  retain  remnants 
of  cells. 

Figure  46  A  is  drawn  from  a  specimen  which  is  typical  of  all  in 
several  series  of  sections  through  the  ventriculus.  The  peritrophic 
layer  partly  adhering  to  the  epithelium  is  no  artifact,  because  the 
same  condition  may  often  be  directly  observed  in  dissections  of  fresh 
specimens.  In  the  opposite  end  of  the  series  from  which  the  specimen 
was  selected  this  layer  is  entirely  free  from  the  epithelium. 

The  peritrophic  membrane  has  been  described  in  some  insects  as 
being  a  prolongation  from  the  intima  of  the  proventriculus,  the  ven- 
triculus itself  being  supposed  never  to  secrete  an  intima.  It  is  per- 
fectly conceivable  that  the  anterior  end  of  the  membranes  might  be 
generated  by  the  outer  cellular  layer  of  the  proventricular  funnel  and 
remain  attached  to  it  after  the  rest  of  it  had  become  free  from  the 
ventricular  wall,  and  thus  give  the  appearance  of  belonging  to  the 
proventriculus.  The  writer,  however,  has  several  sets  of  longitudinal 
sections  through  these  parts  in  the  bee,  but  none  of  them  nor  any  dis- 
sections made  show  such  a  condition. 

Absorption  is  commonly  supposed  to  take  place  largely  in  the  ven- 
triculus. If  so,  the  food  must  pass  through  the  several  peritrophic 
membranes  and  then  through  the  thick  epithelium.  It  is  entirely 
possible  that  it  may  do  so,  but  the  pollen  contained  in  the  ventriculus, 
as  already  stated,  shows  little  or  no  evidence  yet  of  digestion  and  does 
not  begin  to  do  so  until  it  reaches  the  small  intestine.  On  the  other 
hand,  the  dark  mucilaginous  slime  of  the  ventriculus  does  not  appear 
in  any  quantity  in  the  much  drier  contents  of  the  small  intestine. 
Therefore  it  may  be  supposed  that  this  slime  contains  the  sugar  ele- 
ments of  the  food  and  that  the  latter  are  principally  digested  in,  and 
absorbed  from,  the  ventriculus.  The  absorption  of  the  proteids  and 
hydrocarbons  must  take  place  in  the  intestine  and  rectum  since  these 
food  elements  in  the  bee's  diet  are  derived  only  from  the  pollen. 
However,  these  conclusions  are  purely  tentative,  being  based  on  the 
writer's  observation  of  the  contents  of  the  different  parts  of  the  ali- 
mentary tract,  which,  while  fairly  extensive  and  continued  through 
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most  of  a  year,  are  confessedly  not  nearly  adequate  to  serve  as  a 
basis  for  conclusive  statements  on  the  digestive  process.  They  are 
sufficient,  however,  to  show  the  utter  lack  of  a  basis  in  facts  for  many 
other  opinions  on  this  subject. 

Cheshire  (1886)  describes  two  kinds  of  cells  in  the  ventricular 
epithelium,  "one  secreting  a  digestive  fluid  (gastric  juice)  from  the 
surrounding  blood  into  the  stomach,  so  that  the  pollen  grains  may  be 
made  fit  for  assimilation  by  a  transformation  not  unlike  that  lique- 
fying gluten  in  our  own  case;  the  other  absorbing  the  nutrition  as 
prepared  and  giving  it  up  to  the  blood."  Though  Cheshire  refers 
to  his  figures  to  show  these  two  kinds  of  cells,  he  does  not  point  out 
which  are  which — in  fact,  he  does  not  even  designate  two  different 
kinds  in  his  drawings  nor  even  represent  two  kinds. 

The  small  intestine  (fig.  42,  SInt)  forms  a  loop  upon  itself  and  con- 
stitutes a  narrow  tube  connecting  the  stomach  ( Vent)  with  the  large 
intestine  or  rectum  (Rect).  Its  anterior  end  is  somewhat  enlarged 
and  carries  the  circle  of  malpighian  tubules  (Mai).  Its  epithelium 
(fig.  46  D,  Epth)  is  very  simple  and  is  thrown  into  six  longitudinal 
folds  that  project  into  its  lumen.  On  the  outside  is  a  thick  sheath 
of  transverse  muscle  fibers  (TMcl)  with  distinct  nuclei  (Nu).  The 
latter  are  designated  by  Cheshire  (1886)  as  "longitudinal  muscles" 
(see  his  figure  14  D),  but  this  is  a  very  evident  mistake — the  small 
intestine  has  no  longitudinal  muscles  at  all.  It  is  evident  that  the 
folds  of  the  epithelium  permit  the  ordinarily  narrow  tube  to  expand 
very  considerably  when  necessary  to  allow  the  passage  of  a  large 
amount  of  food.  The  contents  of  the  small  intestine  are  usually 
drier  than  those  of  the  ventriculus,  consisting  principally  of  masses 
of  partly  digested  pollen,  that  is  to  say,  the  contents  of  the  grains  are 
partly  dissolved  out — presumably  signifying  that  they  are  under- 
going digestion.  There  is  usually  only  a  small  amount  of  the  brown 
slime  present  such  as  fills  the  ventriculus. 

The  Malpighian  tubules  (fig.  42,  Mai)  are  wrapped  and  coiled  about 
one  another  and  about  the  viscera  of  the  abdominal  cavity.  There 
are  about  100  of  them  in  the  honey  bee  and  they  all  open  separately 
into  the  anterior  end  of  the  intestine.  Each  is  a  very  long  thread- 
like tube  consisting  of  a  single  layer  of  epithelial  cells  provided  with 
a  very  delicate  basement  membrane  and  intima  (fig.  46  C).  The  ends 
of  many  of  the  cells  are  clear  and  bulge  into  the  lumen.  Figure 
46  G  shows  a  section  through  the  junction  of  the  ventriculus  and  the 
intestine  where  the  tubules  open  by  narrow  necks  penetrating  the 
epithelium.  The  wall  of  the  ventriculus  forms  a  short  double-layered 
fold  (VentVlv)  projecting  backward  into  the  anterior  end  of  the 
intestine,  behind  which  are  the  orifices  of  the  Malpighian  tubules. 
The  section  from  which  figure  G  was  drawn  is  cut  somewhat  obliquely 
and  takes  in  this  fold  only  on  one  side. 
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The  Malpighian  tubules  are  regarded  as  excretory  in  function  and 
are  supposed  to  remove  from  the  blood  the  nitrogenous  waste  prod- 
ucts resulting  from  metabolism.  Minute  crystals  of  urates  are  often 
to  be  found  in  them  and  they  probably  perform  the  work  of  the 
kidneys  in  vertebrate  animals. 

The  large  intestine  (fig.  42,  Red),  called  the  rectum  in  insects,  i< 
an  enormous  sac  which  may  lie  limp  and  flabby  in  the  rear  part 
of  the  body  or  it  may  be  so  immensely  distended  by  the  amount  of 
its  solid  and  liquid  contents  as  to  occupy  a  large  part  of  the  abdomi- 
nal cavity.  The  recognizable  elements  of  the  material  within  it 
consist  mostly  of  the  empty  shells  of  pollen  grains  or  of  grains  hav- 
ing their  contents  greatly  shrunken  and  distorted — presumably  as 
a  result  of  the  absorption  of  the  protoplasm,  although  a  considerable 
number  are  usually  present  which  are  only  slightly  digested,  while 
there  are  always  to  be  observed  a  few  perfect  and  fresh-looking 
grains  showing  no  evidence  at  all  of  digestion.  The  rest  of  the  in- 
definite mass  of  solid  rectal  material  consists  of  some  unrecognizable, 
finely  triturated  substance,  probably  derived  in  part  from  fragments 
of  the  peritrophic  membranes.  There  are  always  present  a  few  bits 
of  feathered  bee  hairs. 

The  epithelium  of  the  rectum  is,  like  that  of  the  oesophagus,  rudi- 
mentary, being  distinguishable  only  by  the  nuclei  (fig.  46  F,  Nu) 
remaining  in  the  outer  layer  of  the  thick  transparent  intima  (Int). 
Outside  of  this  is  an  external  layer  of  longitudinal  muscle  fibers 
(LAIcl)  and  an  inner  layer  of  transverse  fibers  (TMcl).  The  intima 
(Int)  is  thrown  into  numerous  folds  whose  edges  converge,  forming 
pocketlike  grooves  between  them  in  which  are  lodged  small  masses 
of  the  rectal  contents.  This  is  very  suggestive  that  absorption  takes 
place  in  this  part  of  the  alimentary  tract,  although  it  is  not  com- 
monly supposed  to  do  so,  but  if  the  pollen  is  not  fully  digested  until 
it  reaches  the  rectum,  how  can  it  be  absorbed  by  the  anterior  part 
of  the  alimentarv  canal  ? 

The  so-called  rectal  glands  (fig.  42,  RGl)  consist  of  six  hollow 
epithelial  tubes  (fig.  4G  F,  RGl)  and  are  the  only  parts  of  the  rectal 
epithelium  in  which  the  cells  are  well  developed.  The  cells  on  the 
outside  of  each  "  gland  "  are  small,  but  the  inner  ones  are  very  large 
and  are  covered  by  a  thick  layer  of  dark  chitin  (Int).  The  lumen 
is  intercellular  and  does  not  communicate  with  that  of  the  rectum. 
When  the  rectum  is  distended  the  "  glands  "  bulge  out  on  the  surface 
as  six  short  opaque  ridges  (fig.  42,  RGl),  but  when  it  is  empty  they 
sink  into  the  walls  as  in  figure  40  F.  Nothing  is  known  of  the 
function  of  these  organs,  and  their  glandular  nature  is  entirely  con- 
jectural. If  they  are  glands,  it  is  not  clear  why  the  intima  should 
be  so  especially  dense  on  their  inner  faces. 
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VIL   THE  CIRCULATOBY  SYSTEM. 

The  liquid  medium  that  distributes  the  digested  food  from  the 
alimentary  canal  to  the  cells  of  the  body  tissues  is  called  the  bloody 
and  the  contractile  organ  that  keeps  the  blood  in  motion  is  the  heart. 
In  vertebrate  animals  the  blood  is  contained  entirely  within  tubes 
called  arteries  and  veins,  but  in  insects  and  most  other  invertebrate 
animals  the  blood  simply  fills  the  empty  spaces  between  the  viscera 
of  the  body-cavity,  which  spaces  may,  however,  constitute  definite 
channels  or  sinuses,  and  may  even  be  shut  in  by  special  membranes. 
Besides  carrying  and  distributing  the  digested  food  that  is  absorbed 
into  it  in  solution,  the  blood  of  animals  generally  has  also  to  dis- 
tribute oxygen  fo  the  tissue  cells  and  carry  off  their  waste  products. 
Oxygen  is  obtained  from  the  air  and,  like  any  other  gas,  is  soluble 
in  liquids.  Hence  it  is  present  in  the  blood  not  in  the  form  of  small 
bubbles  of  gas  but  in  solution,  just  as  it  is  in  all  water  exposed  to  the 
air.  The  respiratory  system  (see  page  116)  is  simply  a  special  con- 
trivance for  bringing  air  into  close  proximity  to  the  blood  so  that 
its  gases  may  diffuse  into  the  latter,  but  many  soft-bodied  animals 
like  earthworms  absorb  air  directly  through  the  skin.  Vertebrate 
animals  have  a  substance  in  their  blood  called  hemoglobin  which  is 
contained  in  the  red  corpuscles  and  has  a  great  capacity  for  absorb- 
ing oxygen.  It,  therefore,  enables  the  blood  to  carry  much  more  of 
this  gas  than  could  be  dissolved  simply  in  its  plasma.  Invertebrate 
animals  do  not  need  so  much  oxygen  as  vertebrates,  and,  therefore, 
most  of  them  can  get  along  with  that  which  dissolves  in  the  color- 
less blood  plasma  without  the  special  aid  of  hemoglobin.  Most 
insects,  however,  being  excessively  active  creatures,  must  have  a 
rapid  metabolism  in  their  cell  tissues,  and  consequently  they  need 
much  oxygen  to  consume  the  product  of  this  metabolism,  but  they 
belong  to  the  class  of  animals  without  red  blood  and,  hence,  nature 
has  provided  them  with  another  means  of  obtaining  a  special  supply 
of  air,  namely,  a  set  of  air-tubes  branching  minutely  over  nearly  all 
the  internal  organs,  the  tissues,  and  even  most  of  the  cells  in  the 
body.  (See  "The  Respiratory  System,"  page  112,  for  discussion  of 
oxidation  and  removal  of  waste  products.) 

The  blood  of  insects  is  usually  a  colorless  liquid  containing  opaque 
granular  cells  or  corpuscles  floating  in  it.  There  are  no  special  blood 
vessels,  but  there  are  verv  definite  channels  between  the  muscles  and 

7  *■ 

viscera  through  which  the  blood  flows,  while  conspicuous  membranes 
stretched  across  the  dorsal  and  ventral  walls  of  the  abdomen  (fig.  1, 
DDph  and  VDpk)  inclose  special  dorsal  and  ventral  sinuses  which 
play  an  important  part  in  the  circulation.  These  membranes,  called 
diaphragms,  are  rhythmically  contractile,  and  contribute  much  to 
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maintaining  the  circulation  of  the  blood.  The  heart  (fig.  1,  lit)  is 
located  in  the  dorsal  sinus,  which  latter  is  therefore  often  called  the 
pericardial  chamber.  The  pulsations  of  the  diaphragms  are  produced 
by  fine  muscle  fibers  lying  in  their  walls.  These  are  usually  ar- 
ranged in  a  number  of  fan-shaped  bunches  on  each  side  radiating 
from  the  edges  of  the  diaphragm  (fig.  47,  DphMcl)  toward  the  mid- 
dle, where  most  of  them  are  continuous  with  the  fibers  from  the  oppo- 
site side.  It  used  to  be  supposed  that  those  of  the  dorsnl  diaphragm 
produced  the  expansion  of  the  heart,  and  they  were  for  this  reason 
called  the  "  wing  muscles  of  the  heart,"  but  the  latter  organ  is  now 
known  to  be  a  muscular  tube  and  to  contract  and  expand  by  its  own 


Fro.  47. — Dorsal  diaphragm  of  drone,  from  one  segment  and  adjoining  psrtfi  of  t*o 
neighboring  segments.  Knowing  median  heart  lilt)  an  Bwn  through  transparent  dU- 
phragm  llHlpli),  fan-shaped  hunches  of  diaphragm  muscles  (npftjfcli.  and  lateral 
tracheal  sac  <7VoSc)  giving  off  Kflc-bearing  trunks  Into  pericardial  chamber  above 
diaphragm. 

power.  In  some  insects  the  muscles  of  the  dorsal  diaphragm  form  a 
meshwork  of  fine  fibers  surrounding  numerous  large  and  small  holes 
in  the  membrane,  which  probably  permit  the  entrance  of  blood  into 
the  sinus  above,  but  in  most  species  the  diaphragm  is  imperforate 
and  the  blood  enters  the  pericardial  chamber  above  its  scalloped  edges 
(figs.  1  and  47). 

The  heart  of  insects  in  general  is  a  long  narrow  tube  (fig.  1,  Ht) 
situated  in  the  dorsal  sinus  or  pericardial  chamber  of  the  abdomen 
along  the  midline  of  the  body.  It  is  swollen  toward  the  middle  of 
each  segment  into  a  heart  chamber  (ht)  which  presents  a  vertical 
slitlike  opening  or  ostium   (Oat)   on  each   side.     Theoretically,  in 
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generalized  insects,  there  should  be  a  chamber  to  each  segment,  but 
the  heart  is  variously  shortened  from  both  ends  so  that  the  chambers 
are  always  fewer  than  the  segments.  The  posterior  end  of  the  heart 
is  closed,  but  its  anterior  end  is  produced  into  a  long  narrow  tube 
called  the  aorta  (fig.  1,  Ao)  which  extends  through  the  thorax  and 
opens  by  a  few  simple  branches  into  the  cavity  of  the  head. 

The  heart  of  the  bee  (fig.  1,  lit)  consists  of  only  four  chambers 
(Iht-J^ht)  lying  in  the  third,  fourth,  fifth,  and  sixth  segments  of  the 
abdomen.  In  the  front  of  this  part  of  the  body  it  bends  downward 
and  forms  a  large  convoluted  loop  (/)  of  about  18  folds  where  it 
passes  through  the  abdominal  constriction.  All  of  this  convoluted 
part  really  belongs  to  the  abdomen,  since  it  lies  in  the  propodeal  part 
of  the  apparent  thorax,  which  is  the  true  first  abdominal  segment. 
The  aorta  (Ao)  extends  forward  from  here  as  a  very  fine  tube  making 
a  large  arch  between  the  muscles  of  the  thorax  and  then  enters  the 
back  of  the  head.  According  to  Pissarew  (1898)  the  convolutions 
of  the  anterior  end  of  the  heart  are  peculiar  to  the  honey  bee,  being 
absent  in  its  nearest  relatives  such  as  Bombus  and  Megachile.  The 
heart  walls,  as  before  stated,  are  muscular  and  produce  a  rhythmical 
contraction  of  the  tube  whose  pulsations  follow  each  other  from  be- 
hind forward.  Thus  the  contained  blood  is  driven  out  of  the  anterior 
end  of  the  aorta  into  the  head,  where  it  bathes  the  brain  and  the  other 
organs  of  this  region,  and  then  flows  backward,  percolating  through 
the  spaces  between  the  organs  of  the  thorax. 

From  the  thorax  it  enters  the  cavity  of  the  ventral  sinus — not  the 
general  abdominal  cavity,  at  least  in  the  bee — and  is  pumped  back- 
ward by  the  pulsations  of  the  ventral  diaphragm  and  dorsally  over 
the  inner  walls  of  the  thorax  and  through  definite  channels  about  all 
the  viscera,  finally  collecting  in  the  dorsal  sinus  where  it  again  enters 
the  heart  through  the  lateral  ostia.  The  lips  of  the  ostia  are  pro- 
vided with  small  membranous  lobes  which  project  inward  and  con- 
stitute valves  that  prevent  the  expulsion  of  the  blood.  A  similar 
valve  is  placed  at  the  anterior  end  of  each  chamber  of  the  heart  to 
prevent  a  possible  backward  flow. 

In  the  bee,  both  the  dorsal  and  the  ventral  diaphragms  are  well 
developed,  the  former  (fig.  1,  DDph)  extending  from  the  third 
abdominal  segment  to  the  seventh,  inclusive,  while  the  latter  (VDph) 
extends  from  the  abdominal  constriction  to  the  eighth  segment. 
The  ventral  diaphragm  is  much  more  muscular  than  the  dorsal  and 
its  pulsations,  which  are  very  strong,  follow  each  other  from  before 
backward.  They  may  easily  be  observed  by  removing  the  top  of 
the  abdomen  from  an  asphyxiated  bee.  The  ventral  sinus  is  very 
ample,  inclosing  the  nerve  cord  of  the  abdomen,  and  receives  into 
its  anterior  end  the  blood  channels  of  the  thorax,  so  that  the  latter 
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communicate  with  the  general  cavity  of  the  abdomen  only  through 
the  ventral  sinus. 

The  dorsal  diaphragm  (fig.  1,  DDph)  ends  by  a  free  transverse 
edge  near  the  front  of  the  third  abdominal  segment.  A  part  of  it  is 
shown  by  figure  47  extending  across  one  segment  and  the  adjoining 
parts  of  two  others.  The  fan-shaped  bunches  of  muscle  fibers 
(DphMcl)  are  seen  radiating  from  the  anterior  edges  of  the  tergi 
toward  the  midline,  where  they  are  mostly  continuous  with  those 
from  the  opposite  side,  only  a  few  of  the  anterior  and  posterior  ones 
ending  free  in  the  membrane  of  the  diaphragm.  The  latter  is  imper- 
forate, but  its  edges  are  deeply  scalloped  between  the  points  where 
the  muscles  are  attached,  allowing  free  entrance  to  the  blood  from 
the  intervisceral  channels  of  the  abdomen.  ■  The  dorsal  surface  of 
the  diaphragm  is  covered  by  a  network  of  cells  (figs.  47  and  48. 
DpkCh)  arranged  in  flat  branching  and  fusing  bands.    These  cells 


may  be  called  the  diaphragm  cells  to  distinguish  them  from  the 
pericardial  cells  to  be  described  later. 

The  abdominal  circulation  is  very  easy  to  observe  in  a  living 
bee.  The  best  way  to  demonstrate  it  is  to  pin  an  asphyxiated  bee 
to  a  block  of  cork  or  paraffin  and  remove  the  top  of  the  abdomen 
by  making  an  incision  with  a  small  pair  of  scissors  clear  around  it. 
Gently  pull  the  alimentary  canal  to  one  side  so  as  to  expose  the 
ventral  diaphragm,  which  will  be  observed  pulsating  strongly  back- 
ward. Next  cut  a  small  hole  in  the  top  of  the  thorax  and  insert 
into  it  a  drop  of  some  stain  in  a  water  solution  (the  writer  used 
carmalum).  Almost  immediately  this  will  appear  in  the  ventral 
sinus  of  the  abdomen,  in  which  it  is  pumped  backward  by  the  dia- 
phragm, and  from  which  it  goes  upward  through  invisible  channels 
between  the  air  sacs  and  the  alimentary  canal  and   especially  up 
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wide  channels  against  the  lateral  walls  of  each  segment.  It  does  not 
run  out  free  into  the  abdominal  cavity,  however,  unless  through  a 
rent,  nor  does  it  enter  the  latter  from  the  thorax  except  by  way  of 
the  ventral  sinus.  The  dorsal  circulation  of  course  can  not  be 
observed  in  this  specimen  because  the  back  is  removed.  Therefore, 
take  another  bee  and  fasten.it  in  the  same  manner,  but  make  simply 
a  shallow  median  slit  along  the  back,  thus  exposing  the  dorsal  sinus 
and  the  heart  "from  above.  Now  insert  a  drop  of  stain  into  the 
thorax  as  before.  After  about  two  minutes  this  will  appear  in  per- 
ceptible amount  in  the  dorsal  sinus,  very  much  diluted,  to  be  sure, 
with  the  blood,  but  there  will  be  enough  to  give  white  blotting  paper 
a  distinct  red  tint.  In  a  short  time  the  heart  becomes  filled  with 
the  stained  blood  and  appears  as  a  red  tube  along  the  median  line. 

The  dorsal  sinus  contains  not  only  the  heart  but  also  two  pairs  of 
pericardial  air  sacs  in  each  segment.     These  are  seen  entering  the 

lit 


Fio.  49. — Pericardial  chamber  of  one  segment  in  worker,  seen  from  below  looking  through 
transparent  dorsal  diaphragm  (/'"phi,  showing  median  heart  (III),  lateral  pericardial 
air  sacs  {HITraSci  given  off  from  large  lateral  sacs  (TraSc).  and  the  padding  of 
pericardial  cells  (HtCIt)  against  Inner  surface  of  tcrgum   (T}. 

sinus  from  the  large  lateral  air  sacs  of  the  abdomen  (TraSc)  in 
figure  1  and  also  in  figure  47.  In  the  latter  the  heart  (lit)  is  seen 
along  the  median  line  as  it  shows  through  the  diaphragm.  Figure 
49  gives  a  view  of  the  pericardial  sinus  as  seen  from  below,  in  one 
segment,  by  focusing  through  the  transparent  diaphragm  (DDph). 
In  the  middle  lies  a  chamber  of  the  heart  (Ht)  with  the  slitlike 
ostium  on  each  side.  Laterally  are  the  four  pericardial  air  sacs 
(HtTraSc)  giving  off  branches  that  ramify  profusely  upon  the 
heart.  Above  the  heart  and  the  air  sacs  is  a  thick  bed  of  large 
granular  cells  (IftC'fa)  which  make  a  soft  padding  between  the  hard 
tergal  wall  and  the  delicate  organs  of  the  sinus.  These  are  called 
the  pericardial  cells.  They  may  have  some  physiological  function, 
as  has  often  been  supposed,  but  if  so  no  one  has  decided  what  it  is. 
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VIII.   THE  BESPIBATOBY  SYSTEM. 

The  lives  of  all  animals  depend  upon  a  constant  distribution  of 
free  oxygen  gas  throughout  their  bodies.  This  oxygen,  continually 
inhaled  and  exhaled,  is  not  used  in  the  formation  of  tissues,  it  doe- 
not  become  a  part  of  the  living  protoplasm  of  the  animal — it  is  the 
physiological  scavenger  that  eats  up  certain  waste  products  of  me- 
tabolism which  are  deadly  to  the  system  unless  constantly  removed  or 
changed  into  less  harmful  compounds.  The  action  of  oxygen  upon 
these  waste  substances  within  the  body  is  comparable  with  ordinary 
combustion  in  that  it  results  in  the  formation  of  carbon  dioxid  gas 
and  water  and  in  the  generation  of  heat.  Since  the  air,  which  is  com- 
posed of  both  oxygen  and  nitrogen,  is  the  source  of  the  oxygen  supply, 
the  ordinary  breathing  processes  involve  an  inhalation  also  of  nitro- 
gen gas,  and  the  tissues  become  permeated  with  it  as  well  as  with 
oxygen.  The  nitrogen  of  the  air,  however,  is  not  known  to  serve  any 
physiological  purpose  in  the  body,  its  presence  being  simply  unavoid- 
ably incidental  to  the  inhalation  of  oxygen.  While  oxygen  and  nitro- 
gen are  two  most  important  food  elements,  the  tissues  of  animals  can 
not  make  use  of  either  in  the  gaseous  condition,  but  must  be  supplied 
with  substances  containing  these  elements  in  combination  with  others 
in  the  form  of  solid  and  liquid  food  stuffs  taken  into  the  alimentary 
canal.  Hence,  air  is  not  a  food,  and  the  respiratory  system  is  to  be 
regarded  as  chiefly  excretory  in  function. 

The  means  by  which  different  animals  receive  oxygen  into 
their  systems  are  various.  All  aquatic  breathers  of  course  use 
that  which  is  naturally  dissolved  in  water.  Many  of  the  lower  ani- 
mals absorb  air  directly  through  their  skins  and  into  their  tissues, 
while  the  carbon  dioxid  escapes  the  same  way.  Others  that  live  in 
the  water  and  whose  bodies  are  covered  by  an  impervious  skin  or 
shell  have  thin-walled,  hollow,  branching  appendages,  called  giU^ 
through  which  the  blood  circulates  freely  and  through  whose  walls 
the  necessary  exchange  of  gases  takes  place.  Land  animals  very 
commonly  have  some  sort  of  an  invagination  from  the  exterior  which 
allows  the  air  to  enter  thin-walled  tubes  or  cavities  and  be  absorbed 
into  the  blood.  Land  vertebrates  have  a  tube  opening  from  the  back 
of  the  mouth  whose  inner  end  branches  profusely  and  forms  a  pair  of 
organs  called  the  lungs,  through  which  the  blood  circulates  freely  in 
delicate  tubes  that  allow  the  transfer  of  gases.  Insects,  finally,  have 
a  system  of  internal  air  tubes,  called  trachea*,  opening  to  the  exterior 
by  a  number  of  small  orifices,  called  spiracles,  situated  along  the  sides 
of  the  thorax  and  abdomen,  which  give  off  branches  that  ramify 
minutely  to  all  parts  of  the  organism,  thus  virtually  making  a  lunjr 
of  the  entire  body.    The  tracheal  are  thin  tubes  made  of  flat  epithelial 
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cells  lined  with  a  delicate  layer  of  chitin.  The  latter,  however,  i> 
strengthened  by  circular  thickenings  which  give  the  appearance  of 
an  internal  spiral  thread,  but  a  closer  examination  shows  that  each 
thickening  makes  only  a  few  turns  and  that  several  lie  in  parallel 
bands.  This  structure  is  for  the  purpose  of  maintaining  an  open 
passageway  for  the  air  through  the  very  thin-walled  tubes.  The 
trachea?  branch  into  fine  capillaries  and  these  terminate  in  excessively 
delicate  end-tubes.  In  some  cases  it  is  easy  to  see  that  a  great 
number  of  capillary  branches  surround  the  cells  of  a  tissue,  if 
they  do  not  actually  enter  the  cell  walls,  but  in  others  it  can  not  be 
shown  that  the  tracheae  really  penetrate  below  the  surface  of  a  mass 
of  cells. 

Gases  in  solution,  like  solids,  pass  freely  back  and  forth  through 
moist  animal  membranes,  going  in  the  direction  of  the  least  pressure 
of  each  particular  gas.  By  this  simple  method  the  gases  go  back  and 
forth  through  the  wTalls  of  the  gills,  lungs,  or  air  tubes  and  permeate 
the  tissues  themselves.  Vertebrate  animals,  as  already  explained, 
have  a  red  substance  in  the  blood  called  hemoglobin  which  has  a 
very  great  oxygen-absorbing  power  and  which  greatly  increases  the 
oxygen-carrying  power  of  the  blood,  but  still  a  certain  amount  of 
oxygen  is  carried  in  solution  by  the  liquid  or  plasma  of  the  blood. 
Now,  the  blood  of  insects  has  none  of  this  hemoglobin  and  all  the 
oxygen  it  can  carry  is  that  which  dissolves  in  its  plasma,  but,  on 
account  of  the  extensive  ramification  of  the  air  tubes,  it  is  not  neces- 
sary for  the  blood  to  distribute  the  oxygen  to  the  organs.  It  is  usually 
stated  that  the  blood  in  insects  does  not  carry  oxygen  at  all,  except 
for  its  own  use,  but  it  would  seem  physically  impossible  that  the  gases 
should  not  diffuse  out  of  the  fine  terminal  air- tubes  into  the  blood 
when  they  do  so  in  all  other  cases.  If  the  blood  of  a  crab  or  crayfish 
is  capable  of  carrying  enough  oxygen  in  solution  to  supply  the  wants 
of  the  body,  there  is  no  reason  why  that  of  an  insect,  which  has  much 
better  facilities  for  obtaining  air,  should  not  do  the  same.  Further- 
more, we  can  not  suppose  that  the  products  of  katabolism  have  to 
accumulate  about  the  end  tracheae  in  order  to  be  oxidized.  Thev  are 
produced  wherever  metabolism  is  going  on,  which  is  everywhere  in 
the  living  cell  substance,  and,  hence,  the  latter  must  be  permeated 
with  oxygen  in  solution,  which  must  also  be  in  the  blood  along  with 
the  carbon  dioxid  formed.  The  carbon  dioxid  diffuses  back  into  the 
end  trachea?  from  the  blood.  Therefore,  while  the  great  extent  of  the 
tracheal  svstem  in  insects  relieves  the  blood  of  the  work  of  distribut- 
ing  the  oxygen,  the  blood  must  nevertheless  serve  as  an  intermediary 
medium  for  both  the  oxygen  and  the  carbon  dioxid  between  the  fine 
terminal  tracheal  branches  and  the  cells. 

It  has  sometimes  been  suggested  that  certain  large  cells  called 
cenocytes,  found  especially  in  connection  with  the  tracheal  system. 
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function  as  intermediaries  between  the  tracheae  and  the  cells,  but 
Koschevnikov  (1900)  has  shown  that  these  cells  appear  to  be  tem- 
porary storehouses  for  waste  products  from  the  tissues — presumably 
uric  acid  compounds  which  have  been  already  oxidized.  Even  the 
fat-body  has  been  regarded  as  a  sort  of  lung  in  which  oxidation  takes 
place,  but  there  is  no  evidence  to  support  this  theory,  although,  for 
that  matter,  there  is  little  evidence  in  favor  of  any  theory  in  insect 
physiology. 

The  process  of  metabolism,  or  the  vital  activity  of  the  cells  them- 
selves, results  in  a  breaking  down  of  the  complex  and  highly  unstable 
protoplasmic  molecules  into  chemical  substances  of  much  simpler  con- 
struction, and  it  is  these  by-products  of  metabolism  that  are  attacked 
by  the  oxygen  in  the  blood  furnished  by  the  respiratory  system.  Pro- 
toplasm consists  principally  of  the  elements  carbon,  oxygen,  hydro- 
gen, and  nitrogen,  and  the  oxidation  process  results,  as  before  stated, 
in  the  formation  of  carbon  dioxid  (C02)  and  water  (H20),  while 
the  residuary  products  are  mostly  organic  compounds  of  nitrogen 
related  to  uric  acid  (C5II4N403)  and  urea  (CON2H2).  The  carbon 
dioxid  is  a  soluble  gas  which  diffuses  into  the  end  tubes  of  the  trachea) 
and  is  exhaled.  A  part  of  the  water  at  least  is  given  off  with  the 
"  breath  "  in  the  form  of  water  vapor,  for  drops  of  it  can  be  collected 
by  inclosing  bees  or  any  insects  in  a  tube  for  a  short  time.  The  nitro- 
gen compounds  and  probably  a  part  of  the  water  are  dissolved  in  the 
blood  and  removed  by  the  Malpighian  tubules,  which  are  the  kidneys 
of  insects. 

Besides  this  oxidation  of  waste  products,  which  allows  the  process 
of  metabolism  to  go  on  unhindered,  the  inhaled  oxygen  serves  also 
another  purpose,  namely,  that  of  maintaining  the  body  heat.  Al- 
though insects  are  usually  classed  as  "  cold-blooded  "  animals,  they 
nevertheless  maintain  a  temperature  which  is  always  higher  than 
that  of  the  surrounding  air  and  is  often  a  number  of  degrees  above 
it.  It  is  well  known  that  the  temperature  of  a  beehive  during  the 
brood-rearing  season  is  almost  as  high  as  that  of  the  human  body, 
and  that  even  during  winter  it  remains  at  nearly  80°  F. ;  but  this  is, 
of  course,  due  to  the  accumulation  and  condensation  of  the  warmth 
from  the  bodies  of  a  great  many  bees,  and  is  much  higher  than  the 
temperature  of  any  bee  outside  of  the  hive.  In  our  own  bodies 
certain  substances  are  consumed  by  oxidation  in  the  blood  simply 
to  produce  the  necessary  heat  energy  for  maintaining  metabolism, 
and  hence  it  seems  reasonable  to  suppose  that  the  same  thing  takes 
place  in  insects,  although  of  course  to  a  much  less  degree. 

There  are  generally  ten  pairs  of  spiracles  or  breathing  apertures 
in  insects,  two  being  situated  on  the  sides  of  the  thorax  between 
the  segments,  but  probably  belonging  to  the  mesothorax  and  the 
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metathorax  (although  the  first  is  often  regarded  as  prothoracic). 
while  the  other  eight  are  situated  on  the  sides  of  the  first  eight 
abdominal  segments — in  the  bee  on  the  lateral  parts  of  the  tergi 
(figs.  32  and  33,  Sp).  The  breathing  apertures  are  usually  pro- 
vided with  a  closing  apparatus  of  some  sort  consisting  of  the  swollen 
lips  of  slitlike  spiracles,  of  a  small  lid,  or  of  a  flexible  and  collapsible 
chitinous  ring,  each  with  special  occlusor  muscles  attached^  In  the 
l»ee  a  chitinous  band  surrounds  the  tracheal  tube  opening  at  each 
spiracle,  a  short  distance  from  the  aperture,  and  has  two  opposite 
loops  projecting  on  the  same  side,  connected  by  a  muscle  whose  con- 
traction approximates  the  two  halves  of  the  band  so  as  to  close  the 
lumen  of  the  trachea.*  It  is  supposed  that  after  an  inhalation  the 
spiracles  are  closed  momentarily,  so  that  the  first  force  of  the  ex- 
piratory contraction  of  the  abdomen  is  exerted  against  the  air  shut 
in  the  trachea?,  with  the  result  of  driving  it  into  the  extreme  tips 
of  the  latter — the  spiracles  then  opening,  the  rest  of  the  contraction 
is  expended  in  exhalation. 

The  internal  tracheal  system  consists,  among  insects  generally, 
of  a  large  tracheal  trunk  lying  along  each  side  of  the  body,  connected 
by  short  tubes  with  the  spiracles  arid  by  transverse  commissures  with 
each  other,  while  they  give  off  segmental  branches  into  the  body 
cavity  which  ramify  minutely  upon  the  organs  and  tissues.  In  the 
thorax  specially  large  tubes  are  given  off  on  each  side  to  the  legs 
and  to  the  bases  of  the  wings,  while  in  the  head  others  go  to  the 
eyes,  antenna?,  and  mouth  parts.  The  whole  body  is  thus  virtually 
a  lung  with  ten  pairs  of  openings  along  the  sides. 

The  tracheal  system  of  the  bee  (figs.  1,  50,  and  51^  is  best  developed 
in  the  abdomen,  where  the  longitudinal  trunks  are  enlarged  into  two 
enormous  lateral  air  sacs  (TraSc),  which  are  of  greatest  diameter  in 
the  anterior  end  of  the  abdomen.  They  are  segmentally  connected  by 
large  transverse  ventral  commissures  (fig.  51,  TraCom) ,most  of  which 
are  themselves  distended  into  small  air  sacs.  Dorsally  the  lateral 
sacs  give  off  in  each  segment  a  large  tube  which  divides  into  two  sac- 
culated branches  (figs.  49  and  50,  HtTraSc)  that  enter  the  pericardial 
chamber  and  supply  the  heart  and  pericardial  cells  with  tracheae.  In 
the  thorax  a  large  sac  lies  on  each  side  of  the  propodeum  (figs.  1  and 
50,  7),  which  bears  a  short  tube  opening  to  the  first  abdominal 
spiracle  (figs.  21  and  50,  ISp).  Above  these  sacs  is  a  narrow  trans- 
verse median  one  (figs.  1  and  50,  8)  occupying  the  large  cavity  of 
the  turgid  mesoscutellum  (fig.  21,  Scl2).  In  the  ventral  part  of  the 
thorax  there  is  a  large  median  posterior  sac  (figs.  1,  50,  and  51,  5) 

aFor  a  detailed  description  of  the  spiracles  in  the  bee  and  their  occlnaor 
ppparatns  see  Djathchenko  (1906). 


THE    RESPIKATORT    SYSTEM. 


118  THE  ANATOMY  OF  THE  nONEY  BEE. 

which  gives  off  trunks  to  the  middle  and  hind  legs  and  a  large  sac 
on  each  side  (fig.  51, 6  and  6)  to  the  ventro-lateral  walls  of  the  thorax. 
Two  large  strong  tubes  (figs.  1,  50,  and  51,  Tra) — the  only  tracheae 
in  the  bee's  body  well  developed  as  tubes — extend  backward  from  the 
head  through  the  neck  and  prothorax  to  the  first  thoracic  spiracles 
(figs.  50  and  51,  lSp).  Each  of  these  gives  off  a  branch  which  divides 
into  the  trachea  for  the  first  leg  and  into  another  that  connects  with 
the  posterior  ventral  thoracic  sac  (5).  An  anterior  median  thoracic 
sac  (4)  is  connected  with  the  two  large  anterior  tubes  near  where  these 
enter  the  neck.  In  the  head  are  a  number  of  large  sacs  which  are 
situated  above  the  brain  (see  figs.  1,  50,  and  51,  7),  about  the  bases 
of  the  eyes  and  optic  lobes  (see  figs.  1  and  50,  #),  and  above  the  bases 
of  the  mandibles  (see  fig.  1,  3). 

Nearly  all  of  the  tracheae  in  the  bee's  body  are  excessively  delicate 
and  their  walls  mostly  lack  the  spiral  thickening  that  ordinarily  holds 
a  tracheal  tube  open.  They  are  consequently  very  distensible  and. 
when  inflated,  they  show  as  opaque  glistening  white  vessels,  which, 
however,  when  empty,  are  extremely  difficult  or  actually  impossible  to 
see.  The  smaller  branches  are  so  numerous  and  flabby  in  the  thorax 
and  the  legs  (fig.  1,  LTra)  that  they  appear  to  form  everywhere 
meshworks  or  sheets  of  tiny  glistening  air-cavities  imbedded  between 
the  muscle  fibers.  Only  the  large  trunks  in  the  anterior  part  of  the 
thorax  have  the  normal  tracheal  appearance. 

The  body  of  the  bee  is  thus  most  abundantly  aerated,  probably 
more  so  than  that  of  any  other  insect.  The  numerous  large  and 
small  sacs  form  great  storehouses  of  air — tanks  containing  reserve 
supplies  of  oxygen.  They  are  not  present  for  the  purpose  of  lighten- 
ing the  weight  of  the  body,  because  inflation  with  air  does  not 
decrease  the  weight  of  any  object  surrounded  by  air. 

The  respiratory  movements  are  limited  to  the  abdomen  in  the  bee 
on  account  of  the  solidity  of  the  thorax.  They  vary  a  great  deal 
according  to  the  activity  of  the  individual.  While  sitting  quietly 
at  the  entrance  of  the  hive  or  walking  slowly  about,  bees  usually 
exhibit  almost  no  respiratory  motion,  only  a  very  slight  vibrator}' 
trembling  of  the  abdomen  being  noticeable.  Others  that  are  walk- 
ing hurriedly  about  lengthen  and  shorten  the  abdomen  very  percepti- 
bly, the  motion  being  specially  pronounced  at  the  tip.  A  bee  that 
has  just  alighted  after  flying  exhibits  still  more  pronounced  abdomi- 
nal movements,  not  only  a  contraction  and  expansion  but  an  up- 
and-down  motion  as  well.  When  a  bee  is  becoming  asphyxiated  in 
a  killing  bottle  the  extension  and  contraction  of  the  abdomen  is  most 
pronounced,  although  much  slower  than  in  the  ordinary  breathing 
movements. 

The  muscles  of  the  abdomen  that  produce  respiration  have  been 
described  by  Carlet  (1884),  who  distinguishes  seven  different  sets  of 
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them  as  follows:  There  are  two  dorsal  sets:  (1)  The  internal  dorsal, 
going  from  the  anterior  edge  of  one  tergum  to  the  anterior  edge  of 
the  next  following  tergum,  and  (2)  the  external  dorsal,  going  from 
the  lateral  edge  of  one  tergum  to  the  corresponding  edge  of  the  fol- 
lowing tergum.  Both  of  these  are  expiratory,  since  their  contrac- 
tions bring  the  two  segments  together.  On  the  sides  are  three  sets: 
(3)  The  external  oblique,  going  from  the  anterior  edge  of  each  tergum 
to  the  side  of  the  corresponding  sternum;  (4)  the  internal  oblique, 
crossing  under  the  last  from  the  anterior  edge  of  each  tergum  to  the 
side  of  the  preceding  sternum.  These  two  sets  are  likewise  expira- 
tory, because  their  contractions  approximate  the  terga  and  sterna. 
The  third  set  of  lateral  muscles  is  (5)  the  transverse,  lying  between 
the  overlapping  surfaces  of  each  tergum  and  its  corresponding 
sternum  and  being,  therefore,  inspiratory,  because  the  contraction 
separates  the  terga  and  sterna.  Finally,  there  are  two  sets  of  ventral 
muscles:  (6)  The  external  ventrals  and  the  internal  ventrals,  forming 
a  letter  M  between  the  anterior  edge  of  each  sternum  and  "the  one 
following,  and  (7)  the  interventral,  situated  between  the  overlap- 
ping surfaces  of  consecutive  sterna  and  causing  their  separation  by 
contraction.    These  last  are  therefore  also  inspiratory. 

It  would  thus  seem  that  the  abdomen  is  much  better  equipped  with 
expiratory  than  with  inspiratory  muscles.  Perhaps  the  expansion 
is  partly  due  to  elasticity,  and  perhaps,  also,  it  is  true  that  the  abdo- 
men contracts  upon  the  full  tracheae  and  air  sacs,  before  the  spiracles 
open  to  allow  exhalation,  in  order  to  drive  the  air  into  the  farthest 
recesses  and  terminal  tubes  of  the  tracheal  system,  which  necessitates 
an  extra  contractive  force. 

IX.  THE  FAT  BODY  AND  THE  CENOCYTES. 

The  fat  tissue  of  insects  is  not  miscellaneously  distributed  through 
the  tissues,  imbedded  beneath  the  skin  and  packed  between  the 
muscles,  but  is  disposed  in  sheets  and  strands  within  the  body 
cavity,  especially  in  the  abdomen,  or  forms  a  definite  mass,  the 
fat  body.  The  fat  cells  are  large  and  extensively  vacuoled  with 
clear  globules  of  fatty  oils.  In  some  insects  the  fat  bodies  have  a 
brilliant  yellow,  golden,  or  orange  color.  Associated  with  the  fat 
cells  are  other  much  larger  and  often  gigantic  cells,  called  cenocytex, 
attaining  the  largest  size  of  all  the  cells  in  the  body  except  the  eggs. 
They  were  first  discovered  in  segmental  clusters  attached  to  the 
tracheae  near  the  spiracles,  but  they  are  now  known  also  to  be  scat- 
tered through  the  depths  of  the  body  cavity,  where  they  occur  im- 
bedded especially  between  the  fat  cells.    The  term  "  cenocyte  "  signi- 
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fies  merely  that  those  cells  first  observed  by  Wielowiejski,  who  gave 
them  this  name,  were  slightly  wine-colored. 

Both  the  fat  cells  and  the  oenocytes  of  the  honey  bee  have  been 
specially  studied  by  Koschevnikov  (1900),  who  gives  the  history  of 
the  fat  body  as  follows :  In  the  larva  it  consists  of  gigantic  lobes,  the 
cells  of  which  are  in  general  all  alike  and  so  closely  packed  in  30 
or  more  layers  that,  in  the  younger  stages,  most  of  them  assume 
angular  forms.    Many  of  them  are  binucleate,  and  the  protoplasm 
is  strongly  vacuolated  except  for  a  small  area  about  the  nuclei.     In 
the  full-grown  larvae  the  fat  cells  become  globular  and  filled  with  a 
number  of  round  granules,  which,  during  the  early  part  of  the  pupal 
stage,  are  set  free  by  a  dissolution  of  the  cell  walls  and  float  free  in 
the  body  cavity.     In  pupae  a  little  older,  having  even  but  a  very 
thin  chitinous  covering,  the  adult  fat  body  is  fully  formed,  and  yet 
neither  the  disappearance  of  the  larval  granules  and  nuclei  nor  the 
formation  of  new  adult  fat  cells  is  to  be  observed.    It  seems  that 
the  granules  of  the  larval  fat  cells,  set  free  at  the  beginning  of 
histolysis,  are  reassembled  about  the  nuclei  to  form  the  fat  cells  of 
the  adult.    In  the  very  young  imago  the  cells  of  the  fat  body  are 
very  distinct,  and  each  possesses  a  considerable  amount  of  protoplaan, 
with  enormous  vacuoles  which  press  upon  all  sides  of  the  nucleus. 
In  old  bees  the  vacuolation  is  much  reduced  and  may  even  be  entirely 
lacking,  while  the  cells  become  filled  with  a  solid  granular  plasma. 
Old  workers  examined  in  the  fall  show  the  fat  cells  united   into 
syncytia  or  masses  in  which  the  cell  boundaries  are  lost,  although 
the  nuclei  remain  distinct.    A  queen  does  not  appear  to  form  these 
syncytia  in  old  age. 

The  function  of  the  fat  body  is  still  unsettled,  but  we  do  not 
know  of  any  reason  why  it  should  not  be  comparable  physiologically 
with  the  fat  of  vertebrate  animals  and  constitute  a  reserve  supply 
of  materials  which  can  be  used  both  as  food  and  as  a  source  of  heat 
oxidation.  It  has  already  been  stated  (p.  115)  that  insects  main- 
tain several  degrees  of  body  temperature.  Some  entomologists  have 
supposed  that  the  fat  body  gives  rise  to  the  corpuscles  of  the  blood. 
others  have  believed  it  to  be  an  excretory  organ  because  concretions 
of  uric-acid  salts  are  often  found  associated  with  its  cells,  while 
still  others  have  regarded  it  as  the  seat  of  the  combustion  of  waste 
products  by  the  tracheal  oxygen. 

The  oenocytes  of  the  bee  are  described  by  Koschevnikov  (1900)  as 
enormous  cells  imbedded  in  the  fat  bodies.  He  says  that  those  of 
the  larva  persist  into  the  pupal  stage  where  they  undergo  dissolu- 
tion and  disappear,  while  new  imaginal  oenocytes  are  formed  from 
proliferations  of  the  ectodermal  epithelium.    The  new  ones  are  at 
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fix*st  small  and  increase  about  five  times  in  diameter  before  reaching 
tlieir  adult  proportions.    The  fat  cells  and  the  oenocytes,  although 
closely  associated  with  each  other,  are  easily  distinguishable  by  their 
size  and  by  their  reaction  in  life  to  staining  solutions.    Koschevnikov 
fed  some  bees  honey  or  sugar  sirup  containing  sesquichlorate  of  iron 
and  then,  after  a  few  hours,  removed  the  fat  body,  washed  it  in  ferro- 
oyanide  of  potassium,  and  placed  it  in  alcohol  acidulated  with  hydro- 
chloric acid.     He  found  a  precipitate  of  Berlin  blue  in  the  fat  cells 
^vhile  the  cenocytes  remained  perfectly  colorless.    Thus  he  showed 
conclusively  that  the  two  classes  of  cells  are  physiologically  different 
in  life,  although,  he  says,  if  a  piece  of  dissected  fat  body  be  placed 
in  the  stainirjg  solution  the  color  diffuses  alike  throughout  all  the 
cells. 

The  oenocytes  have  a  golden  brown  pigmentation  but  no  differen- 
tiated contents  in  young  workers  and  queens.  In  old  workers,  to- 
ward the  end  of  the  summer,  yellow  granules  begin  to  appear  in 
them.  During  winter  and  especially  in  early  spring  the  oenocytes 
of  the  workers  contain  a  great  number  of  these  granules,  but  they  are 
present  in  greatest  quantity  in  queens  several  years  old,  while  in  the 
latter  the  fat  cells  also  contain  similar  granules.  Although 
Koschevnikov  admits  that  the  chemistry  of  these  granules  is  entirely 
unknown,  he  thinks  that  they  are  undoubtedly  excretory  substances, 
that  the  waste  products  of  metabolism  are  first  taken  up  by  the  oeno- 
cytes and  then  delivered  to  the  blood,  and  that  the  accumulation  of 
the  granules  in  the  cells  during  old  age  means  the  loss  of  power 
to  discharge  them,  which  brings  on  the  decline  in  the  life  activity  of 
the  bee.  If  this  is  so,  then  the  oenocytes  are,  as  he  states,  excretory 
organs  without  ducts — cells  which  serve  as  depositories  for  waste 
products. 

According  to  this  theory  of  Koschevnikov,  the  oenocytes  might  be 
likened  in  function  to  the  liver  of  vertebrate  animals,  which,  accord- 
ing to  the  present  views  of  physiologists,  is  the  seat  of  the  splitting 
up  of  the  immediate  nitrogenous  products  of  katabolism,  discharged 
into  the  blood  from  the  tissues,  into  those  final  compounds  of  nitro- 
gen excreted  by  the  kidneys. 

Wheeler0  also  describes  the  fat  cells  and  oenocytes  of  insects 
as  perfectly  distinct  in  their  origins,  the  fat  cells  arising  from  the 
mesoderm,  which  is  the  embryonic  cell  layer  between  that  which 
forms  the  outer  body  wall  and  that  which  forms  the  embryonic  ali- 
mentary canal,  while  the  oenocytes  are  derived  from  internal  pro- 
liferations of  ectodermal  cells. 

a  Concerning  the  Blood  Tissue  of  Insects.  Psyche,  VI,  3892,  pp.  216-220, 
233-236,  25&-25S,  PI.  VII. 


122  THE  ANATOMY  OF  THE  HONEY  BEE. 

X.  THE  NERVOUS  SYSTEM  AND  THE  EYES. 

We  have  learned  so  far  that  the  bee  is  a  complex  animal  made  up 
of  a  large  number  of  tissues  and  organs  all  definitely  interrelated,  and 
we  speak  of  these  tissues  and  organs  as  performing  their  own  special 
functions.  Yet,  in  itself,  a  mass  of  cells,  even  though  a  living  mass, 
is  incapable  of  doing  anything — it  is  inert  unless  stimulated  into  ac- 
tion. The  legs  would  not  move,  the  heart  would  not  beat,  the  glands 
would  not  secrete,  the  respiratory  movements  would  not  be  produced, 
and  the  animal  would  cease  to  live  were  it  not  for  a  vital  force  that 
incites  them  all  into  activity.  This  force  fs  generated  by  certain 
cells  of  the  nervous  system  and  is  sent  out  to  the  other  organs  along 
the  nerve  cords,  but  we  know  nothing  more  about  it  than  simply  that 
it  exists  in  living  animals  and  is  dependent  upon  the  maintenance  of 
the  nerve  cells. 

Now,*in  order  that  an  animal  may  be  "  alive,"  it  is  not  only  neces- 
sary that  the  muscles  should  be  made  to  contract,  the  glands  to  secrete, 
and  all  the  other  organs  induced  to  perform  their  individual  roles, 
but  it  is  equally  important  that  they  should  all  work  together  and 
accomplish  definite  results.  The  muscles  must  perform  harmonious 
movements  to  produce  walking,  flying,  breathing,  or  swallowing,  the 
heart  must  beat  in  proper  rhythm,  the  glands  must  secrete  their  juices 
at  the  right  time  and  in  needed  amounts.  Hence,  the  functions  both 
of  stimulation  and  coordination  devolve  upon  the  nervous  system. 
The  nerve-cells  generate  a  force  which,  delivered  through  the  nerve- 
fibers  to  the  various  organs,  irritates  the  tissues  into  activity,  but,  at 
the  same  time,  the  cells  send  out  this  force  in  such  a  methodical  man- 
ner that  the  activities  produced  in  the  different  organs  are  definitely 
correlated  and  cooperate  in  maintaining  the  necessary  condition  for 
the  life  of  the  cells. 

The  nervous  system,  however,  is  more  than  simply  the  source  of 
these  physical  and  chemical  processes  that  constitute  the  visible  phe- 
nomena of  life,  for  it  is  also  the  seat  of  all  sense  perceptions  and,  in 
the  higher  animals,  of  consciousness.  We  do  not  know,  however,  that 
insects  possess  consciousness — that  they  are  actually  aware  of  their 
own  existence,  and  we  therefore  do  not  know  that  they  have  conscious 
sense  perceptions.  We  do  know  that  they  are  affected  by  external 
objects — by  light,  heat,  taste,  odor,  pressure,  and  perhaps  sound 
acting  upon  specially  sensitized  cells  of  the  ectoderm  called  sense 
organs,  but  we  do  not  know  that  the  reaction  of  the  individual  Is 
anything  more  than  the  exhibition  of  a  very  highly  developed  re- 
flex nervous  system.  It  is  most  probable  that  bees  do  all  that  they 
do — make  the  comb,  store  up  honey  and  pollen,  feed  the  young,  attend 
to  the  wants  of  the  queen,  and  so  on — without  knowing  why,  and  we 
have  no  evidence  that  they  are  even  conscious  of  the  fact  that  they  do 
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these  things.  Some  authors  have  tried  to  prove  that  insects  reason, 
but  the  burden  of  proof  is  still  with  them.  We  can  admit  that  in- 
sects may  be  possessed  of  very  slight  conscious  intelligence,  but  we 
can  not  admit  that  any  one  has  ever  proved  it.  Of  course,  a  great 
deal  of  very  interesting  insect  literature  owes  its  readableness  to  the 
fact  that  the  author  endows  his  subjects  with  human  emotions  and 
some  intelligence,  or  makes  it  appear  that  they  consciously  do  things 
from  a  blind  sense  of  obligation.  The  bee  of  literature  is  often  quite 
a  different  creature  from  th$  bee  of  science. 

If,  then,  we  are  forced  to  admit  that  we  have  no  proof  of  intelli- 
gence or  of  conscious  sensations  in  insects,  we  have,  on  the  other 
hand,  all  the  more  evidence  of  a  very  high  degree  of  nervous  coordi- 
nation. The  body  of  a  bee  can  be  very  greatly  mutilated  and  the 
creature  will  still  remain  "alive"  as  long  as  the  nervous  system  is 
left  intact.  The  segments  can  be  cut  apart  and  each  will  yet  be  able 
to  move  its  appendages  as  long  as  its  nerve  center  is  not  destroyed 
This  shows  that  there  are  numerous  vigorous  centers  of  nervous 
stimulation,  but  proper  coordination  results  only  when  all  the  parts 
are  together  and  intact. 

The  netvons  system  of  insects  (figs.  1  and  52)  is  comparatively 
simple,  consisting  of  a  series  of  small  nerve  masses  called  ganglia 
{Gng)  lying  along  the  mid- ventral  line  of  the  body,  each  two  con- 
secutive ganglia  being  connected  by  a  pair  of  cords  called  the  com- 
missures. The  ganglia  contain  the  nerve  cells,  which  are  the  source 
of  the  stimuli  sent  out  to  the*other  tissues,  while  they  also  receive  the 
stimuli  from  the  ectodermal  sense  organs.  Thus  there  are  incoming 
or  afferent  stimuli  and  outgoing  or  efferent  stimuli.  The  commis- 
sures and  the  nerve-trunks  that  branch  to  all  parts  of  the  body  con- 
sist of  fibers  which  are  fine  prolongations  of  the  nerve  cells.  These 
fibers  are  the  electric  wires  that  convey  the  stimuli  to  and  from  the 
nerve  centers  and  are  of  two  kinds,  afferent  and  efferent,  according 
to  the  direction  of  the  stimulus  each  transports. 

In  a  generalized  embryo  we  should  theoretically  find  a  nerve  gan- 
glion developed  from  the  ventral  wall  of  each  segment,  making  seven 
head  ganglia,  three  thoracic,  and  at  least  ten  abdominal  ones.  In 
the  adult,  however,  many  of  these  fuse  with  one  another.  In  the 
head,  for  example,  in  place  of  seven  ganglia  there  are  only  two,  one 
situated  above  the  oesophagus,  called  the  brain,  and  one  situated 
below  it  and  called  the  subossophageal  ganglion.  The  connecting 
cords  are  konwn  as  the  circumcesophageal  commissures.  The 
brain  is  composed  of  three  embryonic  ganglia,  and  in  the  adults 
of  many  lower  insects  these  are  still  evident  as  three  well-marked 
cerebral  divisions  or  swellings,  called  the  protocerebrum,  the  dento- 
cerebrum,  and  the  tritocerelmtm.  The  first  carries  the  optic  lobes 
and   innervates  the   compound   and   simple  eyes,   the   second    bears 
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two  large  antennal  lobes,  from  which  are  given  off  the  antennal 
nerves.  The  third  innervates  the  lower  ^part  of  the  face  and  the 
labrum,  while  it  gives  off  also  a  pair  of  nerves  which  unite  in  a  small 
swelling,  the  frontal  ganglion,  that  lies  between  the  pharynx  and  the 
front  of  the  head.  A  nerve  runs  posteriorly  from  this  on  the  dorsal 
side  of  the  pharynx  or  oesophagus  to  behind  the  brain,  where  it 
divides  into  several  brandies,  some  of  which  bear  small  ganglia  while 
others  extend  backward  on  the  tcsophagus  to  the  stomach.  These 
nerves,  originating  in  the  frontal  ganglion,  constitute  the  stomato- 
gastric  system,  sometimes  called  also  the  "sympathetic  system." 


OpL 


Anil 


Fig.   53. — Brain  and  Bubttmphagcal   ganglion  of  aorkir   and  their  principal  nerve*, 
antiTlor  view. 

The  subcesophageal  ganglion  consists  of  at  most  four  ganglia  which 
innervate  the  mandibles,  the  hypopharynx,  the  first  maxilla?,  and  the 
labium  or  second  maxilla1.  In  adult  insects  the  body  ganglia  also 
very  commonly  fuse  with  one  another  in  varying  combinations,  for 
the  number  present  is  always  less  than  the  number  of  segments,  vary- 
ing from  eleven  to  one. 

The  brain  of  the  l>ee  (fig.  53,  Br)  is  distinctly  composed  of  two 
parts,  the  protocerebrum  (IBr),  carrying  tlic  large  optic  lobes  {OpL), 
and  the  deutocerebrum  (2Br),  which  consists  principally  of  the  con- 
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spicuous  antennal  lobes    (AntL)    that  give  off  the  large    antenna] 
nerves  (AntNv).    The  tritocerebrum  is  not  present  as  a  distinct  brain 
division,  and  its  nerves,  the  labral  (LmNv)  and  the  frontal  (FtCom). 
appear  to  arise  from  the  deutocerebrum  at  the  base  of  the  antennal 
lobes.    The  frontal  ganglion  {FtGng),  formed  at  the  union  of  the 
two  frontal  nerves,  gives  off  a  very  small,  anterior,  median  nerve  and 
a  much  larger,  posterior,  stomatogastric  trunk  (StgNv,  represented 
in  the  drawing  as  cut  off  a  short  distance  behind  the  frontal  ganglion) 
which  goes  backward  on  the  dorsal  side  of  the  pharynx  beneath  the 
brain.    Behind  the  latter,  and  just  where  the  pharynx  contracts  to 
the  tubular  oesophagus,  the  stomatogastric  nerve  bears  a  pair  of  small 
ganglia  which  are  connected  by  short  nerves  with  the  brain,  and 
then  it  breaks  up  into  branches  that  go  posteriorly  along  the  oesopha- 
gus but  have  not  been  traced. 

The  circumoesophageal  commissures  are  so  short  in  the  bee  that 
the  suboesophageal  ganglion  appears  to  be  attached  directly  to  the 
lower  ends  of  the  brain,  while  the  oesophagus  appears  to  penetrate 
the  latter  between  the  antennal  lobes.  The  three  principal  pairs  of 
nerves  from  the  lower  ganglion  (MdNv^  MxNv,  and  LbNv)  go  to  the 
mouth  parts. 

A  most  thorough  study  of  the  internal  structure  of  the  brain  of 
the  bee  has  been  made  by  Kenyon  (1896),  to  whose  paper  the  reader 
is  referred  if  interested  in  this  subject.  Kenyon 's  descriptions  have 
never  been  verified,  but  his  work  has  an  appearance  of  thoroughness 
and  carefulness.  He  applies  the  term  "  brain  "  to  both  of  the  nerve 
masses  of  the  head,  distinguishing  the  upper  as  the  "  dorsocerebrum  "* 
and  the  lower  as  the  "  ventrocerebrum,"  being  led  to  do  this  from 
physiological  considerations,  the  separation  of  the  two  being  merely 
incidental  to  the  passage  of  the  oesophagus. 

In  the  thorax  of  the  bee  (figs.  1  and  52)  there  are  two  large  ganglia 
{lGng  and  2Gng).  The  first  is  prothoracic,  being  situated  above 
the  prosternum,  in  front  of  the  entosternum  (fig.  52,  Fux)y  and  it 
innervates  the  prothorax  and  the  first  pair  of  legs.  The  second, 
which  is  situated  in  front  of  the  middle  legs  and  is  protected  above 
by  the  arch  of  the  common  entosternum  of  the  mesothorax  and  meta- 
thorax  (fig.  52,  Ftt2+Z),  is  a  combination  of  the  mesothoracic  and 
metathoracic  ganglia  and  the  first  two  abdominal  ganglia.  This 
composite  structure  is  evident  from  the  fact  that  it  innervates  both 
the  middle  and  the  hind  legs,  the  bases  of  both  pairs  of  wings,  the 
mesothorax,  the  metathorax,  the  propodeum,  and  the  first  abdominal 
segment  behind  the  constriction  (the  true  second  segment).  The  first 
and  second  ganglia  of  the  abdomen  (fig.  52,  SGng  and  4Gng)  lie  in 
the  first  two  segments  (//  and  ///)  behind  the  constriction,  which 
are  the  true  second  and  third  segments.  But  since  the  nerve  trunks 
of  these  ganglia  go,  in  each  case,  to  the  segments  behind  them,  we 


THE   NERVOUS  SYSTEM   AND  THE   EYES.  127 

assume  that  they  really  belong  to  these  latter  segments,  that  is,  to 
segments  ///  and  IV.  The  next  three  ganglia  (5Gng,  6Gng,  and 
7Gng)  lie  in  the  segments  they  innervate  (V,  VI,  and  VII)  and, 
hence,  belong  to  the  fifth,  sixth,  and  seventh  abdominal  segments. 
The  last,  that  is,  the  seventh  ganglion,  supplies  all  of  the  segments 
behind  it  with  nerves  and  is  therefore  probably  a  compound  of  the 
ganglia  originally  belonging  to  the  seventh,  eighth,  ninth,  and  tenth 
segments. 

In  connection  with  the  nervous  system  it  is  most  convenient  to 
give  a  description  of  the  simple  and  compound  eyes.     The  other 


Fi».  54.— Rorltonlat  section  of  compound  eye  and  optk-  lobe  of  worker  (after  Phillips)  ; 
Bil,  basement  membrane ;  Cor,  cornea ;  /in,,  Jm,,  Jm,,  outer,  middle,  and  loner  fibrillar 
bodies  of  optic  lobe  ;  Inner  eft.  Inner  chiasms  ;  dm,  ommatldlum  ;  OpL,  optk  lobe  ;  outer 
ch,  outer  chiasms. 

sense  organs  will  be  found  already  described  along  with  the  parts 
on  which  they  are  located  (see  pp.  3C  and  52).  All  the  sense  organs, 
to  be  sure,  are  of  ectodermal  formation  and  are  only  secondarily 
connected  with  the  nervous  system,  but  the  eyes  arc  so  intimately 
associated  with  the  optic  lobes  of  the  brain  that  their  description 
here  seems  most  appropriate. 

The  compound  eye  of  the  bee  (figs.  9  A,  10,  52,  and  53,  E)  has  been 
specially  studied  by  Phillips  (11)05)  and  figures  54  and  55  are  re- 
produced from  his  drawings,  while  the  following  statements  are 
based  on  his  paper :  The  convex  outer  surface  or  cornea  of  the  eye 
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presents  a  honeycomb  appearance  under  the  microscope,  and  each 
little  hexagonal  facet  is  the  outer  end  of  an  eye  tube  called  an  omnia- 
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Fig.    55. — Histological   details   of   compound   eye   of    wot 

ommatidtum  (somewhat  dingramuiutlct.  adult;  B.  entire  ommatldlum,  as  If  disacci 
out,  without  outer  pigment  cells  (dlagrammatlcl,  adult;  C,  section  of  entire  e 
matldlum,  showing  distribution  of  pigment,  adult;  D,  cross  taction  Just  proximal 
lens,  slightly  qblfque;  ¥.,  emus  Bret  ion  through  extreme  distal  ends  of  rctlmilte  a 
proximal  ends  ot  cones,  slightly  oblique ;  F,  cross  section  through  retlnuht,  showl 
relation  ot  outer  pigment  cells  In  this  region ;  G,  cross  section  through  retinitis- 
region  of  nuclei;  11.  cross  section  through  retlnuls  In  region  of  proximal  nucleus; 
cross  section  of  eye,  cutting  basement  membrane  parallel  {the  distinctness  of  net 
Alters  of  each  ommntidliim  is  shown  I  ;  lilt,  biisement  membrane:  (.'(.',  crystalline  cud 
CI,,  crystalline  lens;  c.-e.c,  ninieal  pigment  cell ;  fi.c,  hair-ceil ;  J.rel.n.,  lower  retlnul 
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tidutm,  all  of  which  converge  toward  the  internal  base  of  the  eye, 
since  each  is  vertical  to  the  outer  surface.     Figure  54  is  a  horizontal 
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section  through  the  eye  and  the  optic  lobe  of  the  brain.  The  omraa- 
tidia  (Om)  are  seen  converging  upon  the  basement  membrane  (BM) 
which  is  penetrated  by  the  nerve  fibers  from  the  optic  lobe  (OpL). 
The  outer  ends  of  the  ommatidia  are  transparent,  forming  the 
facets  which  together  constitute  the  cornea  (Car)  of  the  eye.  The 
nerve  fibers,  by  a  complicated  course  through  the  optic  lobe,  reach 
the  nerve  cells  of  the  brain,  which  are  the  true  seat  of  sight  percep- 
tion, as  of  all  other  sensations,  whether  conscious  or  otherwise. 

The  ommatidia  (Om),  or  eye  tubes,  are  separated  from  one  an- 
other by  cells  containing  a  dark  coloring  matter  and  known  as  the 
pigment  cells.  Each  tube  (fig.  55  A)  consists  of  several  parts,  as  fol- 
lows: First,  on  the  outside,  is  a  clear  six-sided,  prismatic  structure, 
with  convex  outer  and  inner  surfaces,  called  the  crystalline  lens  (CL), 
and  which  forms  one  of  the  facets  of  the  cornea.  Beneath  the  lens 
is  a  crystalline  cone  (CO)  having  its  apex  directed  inward  and 
followed  by  a  crystalline  rod  or  rhabdome  (rhb)  which  extends  to 
the  basement  membrane  (BM)  through  the  middle  of  the  omma- 
tidium.  (The  rhabdome  is  represented  black  for  the  sake  of  distinct- 
ness in  figure  55  A;  its  natural  appearance  is  more  as  shown  in  B 
and  C)  Surrounding  the  rod  is  a  circle  of  eight  or  nine  long  re~ 
tinulce  cells  (ret),  each  containing  a  conspicuous  nucleus  (ret.  n) 
above  its  middle  and  continuing  basally  into  an  optic  nerve  fiber  (Nv) 
penetrating  the  basement  membrane.  The  arrangement  of  these 
cells  about  the  rhabdome  is  shown  in  cross  section  at  F  and  G.  The 
inverted  apex  of  the  crystalline  cone  (A,  B,  and  C,  CC)  is  sur- 
rounded by  the  corneal  pigment  cells  (c.-p.  e.),  while  the  entire  omma- 
tidium  below  the  lens* — the  base  of  the  cone,  the  corneal  pigment 
cells,  and  the  retinula? — is  surrounded  by  the  long  outer  pigment 
cells  (o.-p.  c),  forming  a  packing  between  all  the  ommatidia,  as 
shown  in  cross  section  at  E. 

The  entire  compound  eve  is  simply  a  modified  part  of  the  epidermis 
(so-called  "hypodermis"  of  insect  histologists)  in  which  the  cuticle 
is  transformed  into  the  lenses  or  cornea,  the  cones,  and  the  rods,  the 
epithelium  into  the  pigment  and  ret  inula1  cells,  and  the  basement 
membrane  into  the  floor  of  the  eye  perforated  by  the  optic  nerve  fibers. 
According  to  Phillips  the  ommatidia  arise  from  the  ectoderm  of  the 
bee  larva  as  groups  of  epithelial  cells  which  become  arranged  in  tUe 
form  of  spindles  surrounded  by  smaller  cells.  The  cells  of  the 
spindles  become  the  retinulae,  while  the  surrounding  small  cells  become 
the  pigment  cells  and  the  cone  cells.  The  cone  cells  come  to  occupy 
a  position  external  to  the  retinulse  by  an  invagination  of  the  latter, 
and,  through  a  transformation  of  most  of  their  protoplasm  into  a 
crystalline  substance,  they  form  the  crystalline  cone  of  the  eventual 
ommatidium.     The   approximated  edges   of  the  retinula?  cells  are 
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transformed  into  the  crystalline  rod.  The  cornea  is  secreted  by  the 
corneal  pigment  cells,  which  at  first  lie  distal  to  the  cone,  and  possibly 
also  by  the  outer  pigment  cells.  The  nerve  fibers  are  formed  a< 
differentiated  parts  of  the  retinulee  which  penetrate  through  the  base- 
ment membrane  (fig.  54,  BM)  and  enter  the  retinular  ganglion  be- 
neath it  at  the  outer  end  of  the  optic  lobe  of  the  brain.  Hence  the 
retinulae  are  simply  sense  end-organs  of  the  skin  comparable  at  an 
early  stage  of  their  development  with  other  sensory  epidermal  cells, 
and  we  thus  see  how  a  simple  layer  of  epithelium  may  be  transformed 
into  such  an  immensely  complex  organ  as  the  compound  eye. 

There  has  always  been  a  great  deal  of  discussion  as  to  how  insects 
see  by  means  of  the  compound  eyes.  The  weight  of  opinion  now 
favors  the  theory  that  they  see  a  part  of  the  object  or  field  of  vision 
with  each  ommatidium.  But  it  is  most  certain  that,  at  best,  most 
insects  see  very  indistinctly,  and,  in  fact,  it  is  often  questioned 
whether  they  really  see  the  shape  of  objects  at  all  or  not.  A  few  of 
them,  however,  such  as  dragonflies,  appear  to  have  a  very  acute 
vision.  In  the  case  of  the  honey  bee  there  is  yet  much  difference  of 
opinion  as  to  whether  the  workers  discover  nectar  by  the  bright  color 
of  the  flowers  (i.  e.,  by  the  sense  of  sight)  or  by  the  sense  of  smell. 
The  sense  of  sight  in  bees  and  in  insects  generally,  however,  may  be 
found  elaborately  discussed  in  many  books  dealing  with  the  senses  of 
insects. 

The  simple  eyes  or  ocelli  (figs.  9  A,  10,  52,  and  53,  O)  are  con- 
structed on  quite  a  different  plan  from  that  of  the  compound  eyes, 
each  consisting  of  a  lenslike  thickening  of  the  cuticle  back  of  which 
the  epithelial  cells  are  specially  elongated,  and  sensitized  by  nerve 
connections.  The  ocelli  of  the  bee,  however,  have  never  been  care- 
fully studied. 

XI.   THE  REPRODUCTIVE  SYSTEM. 

The  reproductive  organs  are  those  that  produce  the  cells  from 
which  new  individuals  are  formed.  All  animals  grow  from  at  least 
one  cell  called  the  egg  and  almost  all  from  a  combination  of  the  eg*r 
with  another  cell  called  a  spermatozoon.  The  uniting  of  these  two 
cells  is  called  the  fertilization  of  the  egg.  In  a  few  animals  the  two 
different  kinds  of  reproductive  cells  are  formed  in  the  same  individ- 
ual, but  in  most  of  them,  including  all  insects,  the  sperm  and  the  eggs 
are  produced  in  different  individuals — the  males  and  the  femate*. 
In  the  honey  bee  the  males  are  called  drones,  while  the  females  are 
called  queens  or  workers,  according  to  their  functions  in  the  hive. 
The  queens  have  the  egg-producing  organs  or  ovaries  greatly  devel- 
oped, while  these  organs  are  rudimentary  in  the  workers.  The  single 
active  queen  in  each  hive,  therefore,  normally  produces  all  the  egp- 
of  the  colony,  while  the  work  of  rearing  and  providing  for  the  brood 
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falls  to  the  lot  of  the  workers.  Most  other  female  insects  lay  their 
pggs  at  some  place  where  the  young  will  be  able  to  find  food  when  they 
hatch  out,  and  the  mother  never  in  any  way  feeds  or  protects  her 
offspring;  in  most  cases  she  dies  before  her  brood  emerges  from  the 
eggs.  But  the  wasps  and  bees  are  different  in  that  nearly  all  of  them 
make  a  nest  of  some  sort  for  the  protection  of  the  young  larvae  when 
they  hatch,  in  which  also  they  store  up  food  for  them  to  eat.  In  many 
species  of  wild  bees  all  the  work  of  constructing  the  nest,  laying  the 
eggs,  and  collecting  and  storing  food  for  the  young  devolves  upon 
the  single  female,  as  it  naturally  should,  since  insects  do  not  ordinarily 
have  servants,  and  the  males  of  most  species  are  utterly  irresponsible 
in  such  matters.  In  some  of  the  higher  wasps,  such  as  the  hornets 
and  yellow  jackets,  however,  the  first  females  that  hatch  out  as  adults 
in  the  spring  help  their  mother  provide  for  a  still  larger  family  by 
increasing  the  size  of  the  house  and  collecting  more  provisions. 
Nature  designed  them  for  this  purpose,  moreover,  by  making  them 
all  sterile,  allowing  them  to  retain  the  maternal  instincts,  but  de- 
priving them  of  organs  capable  of  producing  offspring  of  their  own. 
Thus  there  is  here  a  beginning  of  that  division  of  labor  which  reaches 
its  highest  development  in  the  honey  bee,  where  one  form  of  the  fe- 
male is  specialized  entirely  to  produce  the  young  and  the  other  to 
rear  the  brood,  keep  the  home  in  order,  gather  the  food,  and  ward 
off  enemies.  The  differences  between  the  queens  and  the  workers 
are  supposed  to  result  from  the  different  diet  on  which  larvae  designed 
to  be  queens  are  brought  up,  but  a  more  thorough  investigation  of  the 
food  given  to  the  different  larvae  of  the  brood  is  yet  needed  before 
we  can  decide  on  the  merits  of  this  explanation.  The  work  of  numer- 
ous investigators  seems  to  have  demonstrated  conclusively  that  the 
drone  of  the  honey  bee  is  always  produced  from  an  egg  cell  alone — 
that  is,  from  an  unfertilized  egg — while  the  queens  and  workers  are 
produced  from  fertilized  eggs.  The  production  of  eggs  that  develop 
normally  without  the  addition  of  the  male  element  is  called  partheno- 
genesis. In  a  number  of  insects,  such  as  some  species  of  scales,  a  few 
beetles,  and  some  of  the  gall-forming  Hymenoptera,  there  are  no  males 
known,  although  the  females  are  extremely  abundant.  Such  cases 
are  often  regarded  by  entomologists  as  examples  of  parthenogenesis, 
and,  if  they  are  such,  the  result  of  the  development  of  unfertilized 
eggs  is  here  the  formation  of  females  only.  A  few  other  insects,  such 
as  some  of  the  plant  lice,  produce  eggs  that  develop  without  fertiliza- 
tion into  females  or  into  both  males  and  females,  but  such  cases  nearlv 
always  occur  in  a  cycle  of  alternating  generations  in  which,  at  some 
stage,  all  the  eggs  are  fertilized.  As  far  as  is  known  the  production 
of  males  alone  from  parthenogenetic  eggs  is  confined  to  the  order 
Hymenoptera. 
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1.   THE   MALE  ORGANS. 

The  reproductive  organs  of  the  drone  are  shown  by  figure  56  A. 
They  consist  of  the  testes  (Tes),  the  vasa  deferentia  (YDef),  the 
vesiculce  seminales  (Ves),  the  accessory  or  mucous  glands  (AcGT,), 
the  ductus  ejaculatorius  (E]D),  and  the  penis  (Pen). 

The  testes  of  the  bee  (Tes)  are  said  to  be  best  developed  in  the  pupa, 
at  which  stage  they  form  the  spermatozoa.  Each  consists  of  a  large 
number  of  small  tubules  opening  into  a  collecting  reservoir  at  the  end 
of  the  vas  deferens.  The  spermatozoa  pass  down  through  the  coiled 
vas  deferens  (VDef)  and  collect  in  the  saclike  enlargement  of  this 
duct,  which  constitutes  the  vesicula  seminalis  (Ves).  In  the  mature 
adult  drone  these  elongate  sacs  are  densely  packed  with  the  active 
spermatozoa,  while  the  testes  that  produced  them  become  rudimentary. 
The  vesiculse  when  freshly  dissected  appear  to  be  alive,  for  they 
bend  and  twist  themselves  about  like  small  worms.  Each  opens  by  a 
short  duct  into  the  base  of  the  accessory  mucous  gland  (AcGl)  of  the 
same  side.  These  organs  have  the  form  of  two  great  sacs  and  are 
filled  with  a  thick,  white,  homogeneous,  finely  granular  liquid,  which  is 
supposed  to  mix  with  the  spermatozoa  as  the  latter  are  discharged. 
The  two  open  at  the  bases  into  the  single  median  ejaculatoiy  duct 
(EjD)  which  opens  into  the  anterior  end  of  the  penis  (Pen) .  This  last 
organ,  shown  in  lateral  view  by  figure  56  E%  is  an  unusually  large 
structure  in  the  bee  and  is  deeply  in  vagina  ted  into  the  cavity  of  the 
abdomen  from  the  end  of  the  ninth  segment  (D,  Pen)  as  already  de- 
scribed (see  page  73).  While  the  penis  is  simply  an  ectodermal  tube, 
its  walls  present  a  number  of  very  curious  differentiations.  The  upper 
part  is  enlarged  into  a  bulb  (fig.  56  A  and  E,  B  and  PenB)  having 
two  large  irregular  but  symmetrical  chitinous  plates  (tt)  in  its  dorsal 
wall,  beneath  which  is  a  large  gelatinous  thickening  (B,  ss). 
Near  the  base  of  the  bulb  is  a  double  pinnate  lobe  (A  and  E,  uu) 
projecting  from  the  dorsal  wall.  Below  this,  on  the  ventral  side, 
is  a  series  of  close-set,  transverse  plates  (E,  vv),  followed  again  by 
large  dorsal  and  ventral  plates  (ww  and  xx).  The  terminal  part 
makes  a  thin-walled  chamber  (A  and  E,  yy),  from  which  project 
backward  two  very  large  membranous  pouches  (zz)  ending  in  blunt 
points.  The  whole  tube  of  the  penis  is  capable  of  being  turned 
inside  out,  and  it  is  said  that  cop  illation  is  effected  by  its  eversion 
into  the  oviduct  of  the  queen,  the  basal  pouches  of  the  penis  (zz) 
being  forced  into  corresponding  pouches  of  the  oviduct,  and  the 
spermatozoa  in  the  bulb  placed  near  the  opening  of  the  spermatheca 
in  the  vagina.  By  their  own  activity  probably  the  spermatozoa  now 
make  their  way  up  into  this  receptacle  of  the  female,  the  spermatheca, 
where  they  remain  until  ejected  upon  eggs  passing  down  the  oviduct 
The  spermatozoa  received  from  one  drone  normally  last  the  queen 
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throughout  her  life,  so  that  after  mating  she  goes  into  the  hive  never 
again  to  emerge  except  with  a  swarm,  and  her  entire  life  is  devoted 
to  egg  laying.  The  drone,  on  the  other  hand,  dies  immediately  after 
mating,  while  those  that  do  not  mate  are  driven  out  of  the  hive  in 
the  fall  and  left  to  starve. 

The  spermatozoa  (fig.  56  C)  are  minute  threadlike  cells,  capable  of 
a  vibratory  motion.  As  found  in  the  vesiculae,  they  are  usually  bent 
into  closely  compressed  loops,  although  many  are  extended  to  their 
entire  length.  One  end  is  blunt,  but  not  noticeably  enlarged,  the 
other  is  tapering,  while  the  half  toward  the  tapering  end  seems  to 
be  the  part  chiefly  endowed  with  the  power  of  motion.  The  sperm 
threads  are  contained  in  a  liquid  within  the  vesiculae,  in  which  float 
also  a  great  number  of  minute  granules.  The  vibrations  of  the 
spermatozoa  keep  these  granules  in  constant  motion. 

2.    THE  FEMALE  ORGANS. 

The  organs  of  the  female  that  produce  the  eggs  are  called  the 
ovaries  (fig.  57,  Ov).  In  insects  they  consist  of  a  varying  number  of 
egg  tubules  or  ovarioles  (ov)  forming  two  lateral  groups,  in  each  of 
which  the  tubules  converge  at  both  ends,  the  anterior  ends  being 
drawn  out  into  fine  threads  whose  tips  are  connected,  while  the  poste- 
rior ends  are  widened  and  open  into  the  anterior  end  of  the  ovidwt 
(OvD)  on  the  same  side  of  the  body.  An  egg  is  simply  a  very  large 
cell  whose  size  is  due  to  the  great  accumulation  of  yolk  in  its  proto- 
plasm, which  serves  as  food  for  the  future  embryo.  The  eggs  are 
formed  in  the  terminal  threads  of  the  ovarioles  and  are  at  first  appar- 
ently ordinary  undifferentiated  cells,  but  as  they  pass  downward  iji 
the  tubule  they  increase  in  size  at  the  expense  of  some  of  the  other 
ovarian  cells.  Hence  the  ovarioles  usually  have  the  form  of  a  string 
of  beads  arranged  in  a  graded  series  from  very  tiny  ones  at  the  upper 
end  to  others  the  size  of  the  mature  egg  at  the  lower  end.  The  two 
oviducts  converge  posteriorly  and  unite  into  the  common  median  duct 
or  vagina  (Vag)  which  in  most  insects  opens  to  the  exterior  upon 
the  eighth  sternum,  as  already  described  in  the  general  account  of  the 
external  anatomy  of  insects  (see  page  25),  but  in  the  bee  and  many 
other  insects  the  eighth  sternum  is  entirely  lacking  as  a  distinct 
sclerite,  and  the  genital  opening  is  therefore  behind  the  seventh  ster- 
num and  below  the  base  of  the  sting.  The  posterior  part  of  the 
vagina  is  very  large,  forming  a  bursa  copulatrix  (BCpx).  In  addi- 
tion to  these  parts  there  is  nearly  always  present  in  insects  a  special 
receptacle  for  the  spermatozoa  called  the  spermatheca  (Spm).  This, 
in  most  insects,  opens  directly  into  the  vagina  as  it  does  in  the  bee,  but 
in  some  it  opens  into  the  roof  of  the  genital  chamber  above  the  eighth 
sternum,  when  this  is  present,  by  a  separate  orifice  behind  that  of  the 
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vagina.  In  the  bee  the  two  poison  glands  (AGl  and  BGl)  do  not 
open  into  the  vagina  but,  as  already  described,  into  the  base  of  the 
sting.  They  are,  hence,  probably  special  organs  having  no  homo- 
logues  in  nonstinging  insects. 

The  ovaries  of  the  queen  bee  form  two  large  gourd-shaped  masses 
(fig.  57,  Ov)  whose  posterior  or  basal  ends  are  enlarged  and  whose 
anterior  ends  are- narrowed,  curved,  and  attached  to  each  other. 
Since  the  queen  lays  eggs  continuously  during  her  entire  life  the 
ovaries  always  contain  eggs  in  all  stages  of  growth,  and  conse- 
quently do  not  vary  so  much  in  appearance  as  they  do  in  those  insects 
that  ripen  only  one  lot  of  eggs  and  deposit  these  all  at  one  time. 

The  structure  of  the  ovarioles  and  the  formation  of  the  eggs  in  the  bee 
have  been  specially  studied  by  Paulcke  (1900)  and  the  following  is 
a  resume  of  his  paper:  The  terminal  threads  of  the  ovarioles  are 
covered  by  a  thin  tunica  propria  and  are  filled  with  a  protoplasmic 
mass  containing  transversely  elongate  nuclei  in  a  single  close  series, 
but  no  cell  outlines.  Farther  down,  in  the  upper  end  of  the  ovariole 
proper,  the  nuclei  become  arranged  in  two  rows,  while  here  also  the 
cell  boundaries  begin  to  appear;  still  farther  along,  where  the  cells 
are  clearly  defined,  the  latter  become  differentiated  into  epithelial 
cells  and  germ  cells.  Next,  the  germ  cells  themselves  divide  into 
egg  cells  and  food  or  nurse  cells.  When  first  formed  the  egg  cells 
occur  in  any  part  of  the  diameter  of  the  tube,  but  they  soon  become 
arranged  in  a  row  down  the  middle  of  the  ovariole  and  are  separated 
by  groups  of  nurse  cells.  The  epithelial  cells  at  this  time  arrange 
themselves  on  the  periphery  just  within  the  tunica  propria,  but 
farther  down  they  form  a  capsule  or  follicle  about  the  egg  and,  less 
definitely,  about  the  group  of  nurse  cells  at  its  upper  end.  The  upper 
end  of  the  egg  becomes  narrowed  by  a  constriction  of  the  epithelial 
capsule,  which,  however,  does  not  shut  it  off  from  the  nurse  cells, 
a  connection  being  retained  with  the  latter  in  the  form  of  a  neck 
from  the  egg  abutting  against  them.  There  are  48  of  these  nurse 
cells  to  each  egg,  which  fact  is  accounted  for  by  supposing  that  each 
original  germ  cell  divides  into  4,  one  of  which  ceases  further  divi- 
sion and  becomes  the  egg  cell,  while  each  of  the  other  3  divides  into 
1G  by  four  consecutive  divisions.  The  latter  are  the  nurse  cells  and 
their  function  is  to  nourish  the  egg  cells.  They  persist  down  to 
the  time  when  the  egg  is  fully  formed,  when  they  suddenly  disappear 
by  being  absorbed  bodily  into  its  yolk.  Toward  the  end  of  the 
growth  of  the  egg  the  follicle  cells  become  thinner  and  thinner,  so 
that  when  the  egg  is  ready  to  go  into  the  oviduct  it  has  but  a  thin 
membrane  to  break  through. 

The  organs  of  most  especial  interest  to  the  student  of  the  bee  are  the 
spermatheca  and  the  apparatus  by  means  of  which  the  queen  is  able 
to  dole  out  the  spermatozoa  to  the  eggs  as  she  deposits  the  latter. 
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The  spermatheca  consists  of  a  globular  seminal  sac  (fig.  57,  Spm), 
of  a  pair  of  tubular  accessory  glands  (SpmGl),  and  of  a  duct  whose 
upper  end  is  connected  with  the  sac  and  receives  also  the  duct  of  the 
glands,  and  whose  lower  end  opens  into  the  anterior  part  of  the 
dorsal  wall  of  the  vagina  just  caudad  of  the  united  bases  of  the 
oviducts. 

The  spermatozoa  are  discharged  by  the  male  into  the  upper  end 
of  the  vagina,  and  in  some  manner  they  make  their  way  up  into  the 
sperm  sac  through  the  duct.  Cheshire  (1885)  described  the  latter 
as  forking  toward  its  lower  end  into  an  anterior  branch  which  opens 
into  the  vagina  and  into  a  posterior  branch  whicli  turns  backward 
and  becomes  lost  in  the  lower  end  of  the  vaginal  wall.  This  second 
branch  he  believes  is  open  in  the  young  queen  and  is  the  one  through 
which  the  spermatozoa  enter  the  sac.  Breslau  (1906)  has  shown,  how- 
over,  that  Cheshire  was  entirely  wrong  in  his  supposed  observation 
of  the  forking  of  the  duct,  that  the  latter  is  a  single  tube,  and  that 
consequently  the  spermatozoa  must  both  enter  and  leave  the  sac  by  the 
same  conduit.  It  used  to  be  supposed  that  the  sperm  sac  had  muscular 
walls  and  that  it  forced  the  spermatozoa  out  as  from  a  compressed 
bulb,  but  Breslau  has  shown  that  this  also  is  a  mistaken  notion,  that 
the  walls  of  the  sac  are  entirely  devoid  of  muscular  fibers,  and  that 
the  spermatozoa  are  sucked  out  by  a  muscular  apparatus  in  the  wall  of 
the  duct,  which  structure  he  names  the  sperm  pump.  Cheshire  (1885) 
had  previously  described  this  apparatus  in  a  very  imperfect  manner 
without  recognizing  any  pumping  function,  for  he  supposed  that 
by  the  relaxation  of  certain  muscles  the  spermatozoa  simply  passed  out 
of  the  sac  and  went  down  the  tube.  Breslau  says,  however,  that 
the  spermatozoa  have  not  enough  energy  of  their  own  to  come  out  of 
the  sac  and,  hence,  do  not  need  to  be  kept  in  by  a  special  sphincter 
muscle,  as  described  by  Leydig. 

The  upper  end  of  the  spermathecal  duct  makes  an  S-shaped  bend 
just  beyond  the  opening  of  the  sac,  and  a  number  of  muscles  dis- 
posed upon  this  part  constitute  Breslau's  sperm-pump.  Breslau  shows 
that  a  contraction  of  certain  of  these  muscles  flattens  the  bend  of 
the  S  and  causes  an  enlargement  of  the  lumen  of  the  upper  end  of 
the  loop.  This,  therefore,  sucks  into  itself  a  small  bundle  of  sperma- 
tozoa from  the  sac.  The  contraction  then  of  other  muscles  forces 
the  rest  of  the  sperm-threads  back  into  the  mouth  of  the  sac  and 
drives  the  small  bundle  thus  cut  off  down  through  the  duct  and  into 
the  vagina.  Moreover,  Breslau  claims  that  this  explanation  is  not 
theory  only,  for,  by  preparing  histological  sections  from  queens 
killed  at  different  moments  of  egg-laying,  he  procured  specimens 
showing  the  various  stages  in  the  pumping  process  and  in  the  passage 
of  the  sperm  through  the  duct.  Cheshire  calculated  that  a  normal 
queen  lays  1,500,000  eggs  in  her  lifetime  and  that  the  spermatheca 
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• 

holds  about  4,000,000  spermatozoa,  and  therefore,  allowing  for  drones, 
he  concludes  that  there  can  not  be  more  than  four  sperm-threads  given 
to  each  female  egg.  But  Breslau,  figuring  from  the  size  of  the  sperm- 
bundle  taken  into  the  duct  for  each  egg,  states  that  each  egg  is 
actually  given  75  to  100  spermatozoa.  We  feel  that  the  latter  calcula- 
tion must  be  much  more  reliable  than  that  of  Cheshire  because  it 
is  based  on  an  actual  observation  of  the  size  of  the  sperm  mass  de- 
livered to  the  egg.  Moreover,  the  myriads  and  myriads  of  tiny 
spermatozoa  contained  in  the  spermathecal  sac  make  any  attempt 
at  a  calculation  of  the  number  look  absurd,  and  we  can  not  believe 
that  it  is  possible  to  even  approximate  the  number  present.  Fur- 
thermore, as  Breslau  states,  100  spermatozoa  make  such  an  excessively 
small  bundle  that  it  requires  a  most  effective  and  perfect  apparatus  to 
deliver  even  this  number  with  anything  like  exactness — it  is  incon- 
ceivable that  a  mechanism  could  be  perfect  enough  to  give  out  only 
4  or  5  or  even  7  at  a  time. 

On  the  floor  of  the  vagina,  opposite  the  opening  of  the  spermathecal 
duct,  is  a  free  flap  provided  with  muscles,  which  is  so  situated 
that  when  elevated  its  end  fits  into  the  opening  of  the  duct  above. 
Leuckart  (1858)  explained  this  flap  as  a  contrivance  for  holding  the 
passing  egg  tight  against  the  upper  vaginal  wall  so  that  its  aperture 
through  which  the  spermatozoa  is  received,  called  the  micropyle,  would 
come  against  the  opening  of  the  duct  and  thus  insure  fertilization. 
Breslau,  on  the  other  hand,  does  not  think  the  flap  in  question  has 
any  such  function  and  he  regards  it  as  a  valve  which  by  fitting  into 
the  orifice  of  the  spermathecal  duct  closes  the  latter  and  so  prevents 
the  pump  from  sucking  up  the  contents  of  the  vagina  at  the  same  time 
that  it  sucks  a  bundle  of  spermatozoa  out  of  the  sac.  Since,  however, 
the  flap  is  on  the  floor  of  the  vagina  and  is  pressed  down  by  the  passing 
egg  it  is  not  clear  how  it  can  at  such  a  time  act  as  a  valve  to  close  the 
orifice  of  the  duct  in  the  dorsal  wall,  since  the  pump  is  supposed  to 
work  by  reflex  action  as  the  egg  is  entering  the  vagina,  though,  of 
course,  it  may  so  function  before  the  egg  has  gone  far  enough  to 
intervene  between  it  and  the  duct  opening;  but  it  would  certainly 
seem  that  a  valve  to  close  the  latter,  if  needed  at  all,  would  be  de- 
veloped in  the  dorsal  wall  of  the  vagina  in  connection  with  the  orifice 
itself.  Furthermore,  a  collapsible  tube  like  the  spermathecal  duct, 
even  though  lined  with  chitin,  should  automatically  close  at  its 
lower  end  when  a  suction  force  is  applied  at  the  upper  end. 

Finally,  Breslau  attributes  to  the  sperm  pump  not  only  the  func- 
tion of  delivering  a  definite  mass  of  spermatozoa  to  each  egg,  but  also 
that  of  sucking  the  spermatozoa  up  from  the  vagina  of  a  newly  fer- 
tilized queen  into  the  spermathecal  sac.  He  does  not  seem  now  to  see 
in  the  valve  any  obstacle  to  such  an  action.  The  spermatozoa  are 
usually  supposed  to  make  their  way  up  the  duct  by  their  own  vibra- 
tory motion. 
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The  anatomy  of  the  spermatheca  and  the  muscular  apparatus  of  its 
duct  for  delivering  the  spermatozoa  to  the  egg  does  not,  as  Breslau 
points  out,  throw  any  light  on  the  determination  of  sex  in  bees.     It  is  a 
common  notion  that  all  eggs  of  an  unfertilized  female  develop  into 
drones,  but  this  is  by  no  means  proved;  in  fact,  there  is  just  as  good 
reason  for  believing  that,  while  no  females  develop,  there  are  also  no 
more  than  the  normal  number  of  drones  produced — the  eggs  that 
might  otherwise  have  developed  into  females,  if  laid  by  a  fertile  queen, 
all  dying  in  the  cells  of  the  comb,  from  which  they  are  removed  by  the 
workers.    Modern  investigation  of  the  determination  of  sex  shows  that 
there  is  probably  just  as  much  reason  in  many  cases  for  supposing  that 
sex  is  established  in  the  egg  of  the  ovary  before  fertilization,  as  there 
is  for  believing  it  to  result  from  fertilization  or  from  subsequent  en- 
vironment of  the  egg  or  young  embryo.    Hence,  it  is  not  only  very 
doubtful  that  the  queen  determines  the  sex  of  her  offspring  by  con- 
trolling the  fertilization  of  the  eggs,  but  it  is  also  very  uncertain  that 
fertilization  itself  has  anything  to  do  with  it.     Parthenogenesis  in 
the  bee  may  amount  simply  to  this,  that  the  male  eggs,  predetermined 
as  such  in  the  ovary,  are  capable  of  developing  without  fertilization, 
while  the  female  eggs  are  incapable  of  such  a  development  and  die  if 
they  are  not  fertilized. 

Each  unlaid  egg  of  insects  in  general  has  a  small  hole  in  the  upper 
end  of  its  shell,  called  the  micropyle,  which  admits  the  spermatozoa  to 
its  interior.  One  or  several  spermatozoa  may  enter  the  egg  through 
this  aperture,  but  the  nuclear  part  of  only  one  unites  with  the  egg 
nucleus,  this  constituting  the  fertilization  of  the  egg.  After  this  the 
micropyle  closes  and  the  egg  is  deposited  in  a  cell  of  the  comb  by  the 
queen.  The  nucleus  and  a  part  of  the  protoplasm  of  the  egg  then 
begin  to  split  up  into  a  number  of  small  cells  which — but  this  is 
taking  us  into  the  development  of  the  next  generation,  which  is 
beyond  the  limits  of  our  subject,  and  so  here  we  must  stop. 

EXPLANATION   OF   THE   SYMBOLS   AND   LETTERS   USED   ON   THE 

ILLUSTRATIONS. 

The  writer  has  made  an  attempt  to  work  out  a  set  of  convenient 
symbols  for  all  the  principal  external  and  internal  parts  in  the  anat- 
omy of  an  insect.  It  has  been  found,  however,  that  entire  consistency 
is  incompatible  with  practicability,  especially  in  making  compound 
abbreviations,  and,  therefore,  the  latter  has  been  given  first  considera- 
tion in  many  cases.  For  example,  the  symbol  Dct  suggests  the  word 
"  duct "  when  standing  alone  much  better  than  simply  the  letter  Z>, 
but  such  combinations  as  SalDct  and  OvDct  are  unnecessarily  long 
and  the  shortened  forms  of  SalD  and  OvD  are  sufficiently  suggestive 
of  "  salivary  duct "  and  "  oviduct."  The  abbreviation  Sc  is  used 
in  such  compound  symbols  as  PsnSc  for  "poison  sac"  and  TraSc 
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for  "  tracheal  sac,"  notwithstanding  that  Sc  alone  means  u  subcosta." 
The  symbol  T  is  used  for  "  tergum,"  and  T„  T„  etc,  and  IT,  I  IT. 
etc.,  indicate  individual  thoracic  and  abdominal  terga,  but  TMcl  Lo- 
used to  signify  "  transverse  muscle."  And  so,  in  several  other  cases. 
it  has  been  found  expedient  to  sacrifice  strict  uniformity  to  practical 
considerations. 

A  combination  of  lower-case  letters  duplicating  one  entirely  or 
partly  of  capitals  signifies  that  the  part  so  designated  is  a  part  or  sub- 
division of  the  other/  For  example,  Ten  refers  to  the  principal  part 
of  the  tentorium  and  ten  to  a  minor  part;  PI  and  pi  are  subdivisions 
of  the  same  pleurum ;  Lmcl  and  Intel  are  both  longitudinal  muscles. 

The  most  logical  method  of  referring  symbols  to  any  particular 
segment  of  the  body  would  be,  perhaps,  to  prefix  them  with  either  a 
Roman  or  an  Arabic  numeral  corresponding  with  the  number  of  the 
segment.     A  common  objection,  however,  to  both  would  arise  from 
the  fact  that  entomologists  are  not  at  all  agreed  as  to  how  many  seg- 
ments there  are  in  any  region  of  an  insect's  body.    Furthermore, 
Roman  numerals  prefixed  to  all  the  symbols  necessarily  used  on  a 
drawing  of  the  thorax,  for  example,  would  occupy  entirely  too  much 
space.    Finally,  it  is  very  desirable  to  have  a  method  of  referring  to 
repeated  structures  without  implying  any  segmental  connection,  and 
prefixed  Arabic  numerals  are  certainly  most  convenient  and  sug- 
gestive for  such  a  purpose.    A  system  often  adopted  to  indicate  the 
segment  to  which  a  part  belongs,  especially  in  the  thorax,  is  the  use 
of  one,  two,  or  three  accents  in  connection  with  the  abbreviation. 
But  accented  symbols  lack  artistic  unity,  and  some  of  the  accent 
marks  are  too  easily  lost  in  the  engraving  and  printing.    For  these 
several  reasons  the  writer  has  adopted  the  following  system : 

Numerical  order  .of  any  repeated  structure  is  indicated  by  an 
Arabic  numeral  placed  before  the  abbreviation,  and  has  no  segmental 
significance.  Thus  1P^  2P,  etc.,  mean  simply  "first  parapterura,'' 
"second  parapterum,"  etc;  lGng,  2Gng,  etc.,  mean  "first  ganglion,'" 
"  second  ganglion,"  etc.,  without  implying  that  the  ganglion  belongs 
to  any  particular  segment. 

Symbols  are  referred  to  the  prothorax,  the  mesothorax,  or  the  meta- 
thorax,  respectively,  by  the  figures  1,  2,  and  3  placed  below  and 
after  them,  except  on  the  wings,  where  such  numbers  designate  the 
branches  of  the  veins  according  to  the  Comstock-Needham  system. 

The  abdominal  segments,  counting  the  propodeum  as  the  first,  are 
indicated  by  the  Roman  numerals  /  to  X,  and,  when  any  one  of  thee 
is  placed  before  an  abbreviation,  it  refers  the  symbol  to  that  indi- 
vidual segment. 

The  lower-case  letters  are  used,  singly  and  in  pairs,  to  refer  to 
miscellaneous  parts  having,  in  most  cases,  no  individual  or  general 
anatomical  names. 
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A, 

AcOl, 

AGl, 

AQID, 

An, 

ANP, 

ANR, 

Ant, 

AntL, 

AntNv, 

AO, 

Ap, 

Aph, 

Ax, 

ax, 

AxC, 

AxM, 


B, 

BO, 

be, 

BCpx, 

BGl, 

BM, 

Br, 

IBr, 

2Br, 

SBr, 

Brb, 

BW, 

C, 

Cb, 

CC, 

Cd, 

Cer, 

CL, 

CI,   Cls, 

Cla, 

Clp, 

CUp, 

Wisp, 

2Clsp, 

Com, 

Cor, 

Ctl, 

Cu, 


1.   SYMBOLS. 

anal  vein ;  1A,  first  anal,  2  A,  second  anal  etc. 

accessory  gland  of  male  reproductive  organs. 

acid  gland  of  sting,  opening  into  poison  sac  (Psn&c). 

duct  of  acid  gland  of  sting. 

anus. 

anterior  wing  process  of  not  urn. 

anterior  marginal  ridge  of  notum. 

antenna. 

antennal  lobe  of  brain. 

antennal  nerve. 

aorta. 

apodeme,  any  internal  chitinous  process  of  body-wall. 

anterior  phragma  of  any  tergum,  prephragma. 

the  axillaries  or  articular  sclerites  of  the  wing  base,  designated 

individually  as  lAx,  2 Ax,  3 Ax,  and  J^Ax. 
accessory  axillary  sclerites  of  irregular  occurrence  in  connection 

with  the  principal  axlllarles  (Ax). 
axillary  cord,  or  ligament-like  thickening  of  posterior  edge  of  basal 

membrane  of  wing,  attached  to  posterior  angle  of  scutelluin. 
axillary  membrane,  the  thin  membrane  of  wing  base,  containing 

the  axillary  sclerites  and  forming  in  some  cases  the  lobes  called 

alulae, 
bulb  (bulb  of  penis  or  of  sheath  of  sting), 
body-cavity, 
any  particular  part  of  body  cavity  such  as  that  prolonged  into  the 

mouth  parts,  legs  or  pieces  of  the  sting, 
bursa  copulatrlx. 
alkaline  gland  of  sting, 
basement  membrane, 
brain. 

protocerebrum. 
deutocerebrum. 
tritocerebrum. 
barb. 

body- wall. 

costa,  first  vein  of  wing. 

pollen  basket  or  corbiculum  on  hind  tibia  of  worker, 
crystalline  cone  of  compound  eye. 
cardo. 
cercus. 

crystalline  lens  of  compound  eye. 
cell,   cells, 
claw, 
clypeus. 
clasping  lobes  of  ninth  segment  of  male,  perhaps  equivalent  to  the 

four  gonapophyses  of  ninth  segment  of  female, 
upper   or   outer   clasper. 
lower  or   inner   clasper. 

commissure  (of  either  nervous  or  tracheal  system), 
cornea. 

cuticle,  the  chitinous  layer  of  the  epidermis, 
cubitus,  fifth  vein  of  generalized  wing. 
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Cv, 

cross-vein. 

Cxf 

coxa. 

CxP, 

pleural   coxal   process. 

Dei, 

duct. 

DDph, 

dorsal  diaphragm. 

Dph, 

diaphragm. 

DphCls, 

diaphragm  cells. 

Dphmb, 

membrane  of  diaphragm. 

DphMcl, 

muscle  fibers  of  diaphragm. 

B, 

compound  eye. 

EAp, 

apodeme  of  extensor  muscle. 

BjD, 

ejaculatory  duct. 

Em, 

lateral  emargi nation  of  notum. 

EMcl, 

extensor  muscle. 

Emp, 

empodium. 

Em, 

digestive  vesicles  formed  by  ventricular  epithelium. 

Ep, 

epicranlum. 

Ephy, 

epi  pharynx. 

Epm, 

epimerum. 

Eps, 

cpisternum. 

Epth, 

epithelium. 

F, 

femur. 

Fl, 

fiagellum. 

For, 

foramen  magnum. 

Ft, 

front 

FtCom, 

frontal  commissure. 

FtGng, 

frontal  ganglion. 

FtNv, 

frontal  nerve. 

Fu, 

furca  or  median  entosternal  apodeme  of  thoracic  sterna. 

G, 

gonapophysis. 

Ga, 

galea. 

Ge, 

gena. 

Gh 

gland. 

lGh 

large  pharyngeal  gland  in  anterior  part  of  head  of  worker. 

2Gh 

salivary  gland  in  posterior  part  of  head. 

SGI 

thoracic  salivary  gland. 

Wl 

small  median  gland  below  pharyngeal  plate  (*)• 

Gl8, 

glossa. 

Gng, 

ganglion. 

Gu, 

gula. 

H, 

head. 

Hk, 

hooks  on  front  edge  of  hind  wing. 

Hphy, 

hypopharynx. 

Hr, 

hair. 

hr, 

surface  disk  of  "  auditory  "  organ  of  antenna,  probably  modified 

base  of  sensory  hair. 

HS, 

honey  stomach. 

Hi, 

heart 

ht 

individual  chamber  of  heart. 

HtCls, 

pericardial  cells. 

HtTraSc, 

pericardial  tracheal  sac. 

Int, 

intima,  the  chitinous  lining  of  any  internal  organ. 

IT, 

tergum  of  first  abdominal  segment,  the  median  segment,  or 
podeum,  incorporated  into  thorax. 

pro- 
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L, 

Lb, 

Lbl, 

LbNv, 

Lb  Pip, 

Lc, 

Let, 

Lg, 

LUh 
Lin, 

Lin, 

LAIcl, 

Intel, 

LmXv, 

Lr, 

LTra, 

Lum, 

M, 

m, 

Mai, 

Mb, 

tnb, 

m~eu, 

MD, 

Md, 

JMdGl, 

2MdQl, 

MdNv, 

Mes, 

Met, 

Mi, 

mi, 

tn-tn, 

Mp8, 

MU 

Mth, 

Mx, 

MxPlp, 

MxNv, 

N, 

Nu, 

Nv, 

O, 

Ob, 

Oc, 

CE, 

CECom, 

Omf 

OpL, 


leg. 

labium. 

label  lum. 

labial  nerve. 

labial  palpus. 

lac  in  la. 

lancet  of  sting,  equivalent  to  first  gonapophysis  (10). 

ligula. 

44  lubricating"  gland  of  sting  (not  shown  in  figures). 

median  lobe  of  lingua  or  hypopharynx. 

la  brum. 

longitudinal  muscles. 

ventral  longitudinal  muscles  of  thorax. 

labral  nerve. 

lorum. 

trachea  of  leg. 

lumen,  the  cavity  of  any  hollow  organ,  whether  the  glossa,  sting, 

alimentary  canal,  or  gland, 
media,  fourth  vein  of  wing.    Mx-Mv  first  to  fourth  branches  of 

media, 
median  plate  or  plates  of  wing  base. 
Malpighian  tubules, 
intersegmental  membrane, 
membrane. 

medio-cubital  cross-vein, 
disclike  muscle  a  pod  erne, 
mandible. 

outer  saclike  mandibular  gland, 
inner  racemose  mandibular  gland, 
mandibular  nerve, 
m  eta  thorax,  designated  by  figure  3  placed  after  and  below  any 

thoracic  symbol, 
meta thorax,  designated  by  figure  3  placed  after  and  below  any 

thoracic  symbol, 
the  chitinous  plates  of  the  neck  collectively,  the  "  microthorax," 

individually  designated  mi. 
cervical  (microthoracic)  sclerites. 
median  cross-vein, 
mouth  parts  or  trophl. 
mentum. 
mouth, 
maxilla. 

maxillary  palpus, 
maxillary  nerve, 
notum. 
nucleus, 
nerve, 
ocellus, 
oblong  plate, 
occiput, 
oesophagus. 

circumoBSophageal  commissures, 
ommatidium. 
optic  lobe. 
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Oat, 

Ov, 

ov, 

OvD, 

OvO, 

P, 


IP,  2P, 

sp,  4P, 

PA, 
Pel, 
PD, 

Pd, 

Pen, 

PenB, 

Peps, 

Pge, 

Pffl, 
Pffu, 

Ph, 
Phy, 

Ph 

Pi 
Plf, 

Pig, 
pip, 

Pmb, 

PMcl, 

PN, 


pn, 


PNP, 
PNR, 
Pph, 


PR, 

Prb, 
PrbFs, 

/'*, 

Pse, 

Pad, 

PhI, 

PsnC, 

P8tlSC, 


ostium  or  lateral  aperture  of  heart 

ovary. 

ovarlole,  individual  ovarian  tube. 

oviduct. 

opening  of  vagina  or  median  oviduct. 

paraptera,  small  pleural  plates  below  base  of  wing,  typically  two 

episternal  paraptera  or  preparaptera  (IP  and  2P) before  pleural 

wing  process  (WP),  and  two  epimeral  paraptera  or  post  parap- 
tera (SP  and  4P)  behind  wing  process, 
episternal  paraptera,  preparaptera. 
epimeral  paraptera,  postpa  rapt  era. 
arm  of  pleural  ridge. 
po8tclypeus. 
muscle  disc  of  episternal  paraptera,  giving  insertion  to  pronator 

muscle  (not  present  in  the  bee), 
peduncle, 
penis. 

bulb  of  penis, 
preepi  sternum, 
postgena. 
paraglossa. 
pregula. 
phragma. 
pharnyx. 
pleurum. 

subdivision  of  pleurum. 
palpifer,  palpus-carrying  lobe  of  maxilla, 
palpiger,  palpus-carrying  lobe  of  labium, 
palpus. 

peritrophic  membrane, 
pronator  muscle, 
postnotum  or  pseudonotum,  the  second  or  postalar  tergal  plate  of 

the  wing-bearing  segments  of  most  insects,  the  "  postscutellum  * 

of  higher  orders, 
small  rod  connecting  postscutellum    (postnotum  PN)   with   upper 

edge  of  epimerum,  probably  a  detached  piece  of  the  former  (see 

figs.  22  and  24). 
posterior  notal  wing  process, 
posterior  marginal  ridge  of  notum. 
posterior  phragma  or  postphragma  of  any  tergum,  carried  by  the 

second  notal  plate  or  postnotum  (PN),  the  '*  postscutellum  "  of 

higher  forms, 
internal    pleural   ridge,    the   entopleurum,    marked   externally   by 

pleural  suture  (PS), 
proboscis, 
fossa  of  proboscis, 
pleural  suture,  external  line  separating  eplsternum  and  epimerum, 

marking  site  of  internal  pleural  ridge, 
presternum, 
prescutum. 

postscutellum  ( postnotum ) . 
poststernellum. 
poison  canal  of  sting, 
poison  sac  of  sting  into  which  oi>ens  the  acid  gland  (AGl). 
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Pt, 

Ptr, 

Pventy 

Pvent  Ylv, 

Qd, 

R, 

RAp, 
Rd, 

Red, 

RQl, 

r-tn, 

RAIcl, 

IRMcl, 

2RMclf 

Rs, 

8, 

SalD, 

SalDO, 

8c, 

Scl, 

Sep, 

Set, 

Sga, 

Sh, 

ShA, 

ShB, 

8hS, 

SInt, 

SI, 

SUn, 

Smt9 

SasQng, 

Sp, 

8pm, 

SpmQl, 

St, 

8tgNv9 

Stn, 

StnPlp, 

T, 

IT, 

IIT, 

Tar, 

Tb, 

Ten, 

ten, 

Tea,      y 

Tg, 


sensory  pit 

peritreme,  spiracle-bearing  sclerite. 

proven  triculus. 

proventricular  tube  or  valve  in  ventriculus. 

quadrate  plate  of  sting. 

radius,  third  vein  of  generalized  wing.  Ri-RB,  first  to  fifth  branches 
of  radius.    R8,  radial  sector. 

apodeme  of  flexor  muscle. 

posterior  extension  or  reduplication  of  any  tergal  or  sternal  plate 
overlapping  plate  following  it. 

rectum,  the  large  intestine  of  insects. 

rectal  glands. 

radio-medial  cross-vein. 

flexor  muscle  of  mandible  or  wing. 

dor sa  1  retractor  muscle  of  ligula. 

ventral  retractor  muscle  of  ligula. 

radial  sector,  or  second  branch  of  radius  at  first  forking. 

sternum. 

salivary  duct. 

external  opening  of  salivary  duct 

subcosta,  second  vein  of  generalized  wing. 

scutellum. 

scape. 

scutum. 

subgalea. 

sheath  of  sting,  equivalent  to  the  second  gonapophyses  (20)  or 
middle  pair  on  ninth  abdominal  segment. 

basal  arm  of  sheath  of  sting. 

bulb  of  sheath  of  sting  or  ovipositor. 

shaft  of  sheath  of  sting. 

small  intestine. 

stern  el  I  um. 

superlingua,  embryonic  lateral  lobes  of  hypopharynx,  true  append- 
ages of  fifth  head  segment. 

submentum. 

suboesophageal  ganglion. 

spiracle. 

spermatheca. 

sperma thecal  gland. 

stipes. 

stoma  togastric  nerve. 

sting. 

palpuslike  appendages  of  the  sting,  equivalent  to  the  third  gona- 
pophyses (3G)  or  the  outer  pair  on  ninth  abdominal  segment 

tergum. 

first  abdominal  tergum,  the  propodeum,  incorporated  into  thorax. 

second  abdominal  tergum. 

tarsus. 

tibia. 

large  tentorial  arms  of  head,  the  mesocephalic  pillars. 

slender  tentorial  arch  over  foramen  magnum. 

testes. 

tegula. 
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TMcH, 

Tnt 

TnC, 

Tr, 

Tra, 

TraCom, 

TraSc, 

Tri, 

Vag, 

VDef, 

VDph, 

Vent, 

VentVlv, 

Ves, 

Vlv, 

VMcl, 

VNR, 

Vw, 

W 

WP9 


b, 
c, 
d, 
e, 

/• 
0, 
h, 

i, 

/, 
k, 

h 
m, 

n, 
ot 

Pf 
Q> 
r, 

t, 

u, 


u>, 


n 


transverse  muscle. 

trochantln  (not  separated  from  sternum  in  bee). 

coxal  condyle  of  trochantln. 

trochanter. 

trachea. 

transverse  ventral  tracheal  commissures  of  abdomen. 

tracheal  sac 

triangular  plate  of  sting. 

vagina. 

vas  deferens. 

ventral  diaphragm. 

ventrlculua 

ventricular  fold  or  valve  in  small  intestine. 

veslcula  seminal  is. 

valve  of  sting  carried  by  lancet. 

large  vertical  muscles  of  thorax. 

Internal,  median  V-shaped  notal  ridge,  the  "  entodorsum. 

vertex. 

wing. 

mesothoracic  wing  nerve. 

metathoracic  wing  nerve. 

wing  process  of  pleurum. 

2.   ALPHABETICAL  LETTERING. 


clypeal  suture. 

anterior  tentorial  pit,  in  clypeal  suture. 

posterior  tentorial  pit,  in  occiput  beside  foramen  magnum. 

thickened  posterior  edge  of  lateral  wall  of  fossa  of  proboscis, 

process  at  upper  end  of  d  articulating  with  cardo  of  maxilla  and 

forming  maxillary  suspensorium. 
internal  median  keel  of  vertex  in  cranium  of  drone, 
suspensorial  ligaments  of  anterior  end  of  oesophagus, 
pharyngeal  rod. 

convolutions  of  dorsal  blood  vessel, 
anterior  articular  knob  of  mandible, 
ventral  groove  of  glossa. 
ventral  groove  of  maxillary  rod. 
median  plates  of  wing  base, 
basal  hooks  of  glossa. 
median  ventral  plate  of  ligula. 

dorsal  plates  of  anterior  end  of  mentum,  supporting  ligula. 
inner  wall  of  canal  of  glossa. 
chitinous  rod  of  glossa. 

pharyngeal  plate,  on  anterior  part  of  floor  of  pharynx, 
salivary  pouch  opening  on  dorsal  side  of  base  of  ligula,  receiving 

common  duct  of  salivary  glands  (SalD). 
oblique  muscles  inserted  upon  dorsal  side  of  salivary  pouch  of 

ligula. 
transverse  or  V-shaped  suture  on  surface  of  mesonotum  or  metano- 

tum,  formed  by  the  internal  V-shaped  ridge  or  "entodorsum" 

(VNR). 
lateral   lobe  of  pronotum   projecting   posteriorly  over   the  first 

spiracle. 


EXPLANATION  OF  SYMBOLS  AND  LETTERS.  147 

mt  thoracic  plate  lying  laterad  of  anterior  part  of  sternum,  often 

regarded  as  a  part  of  presternum. 

y,  accessory  sclerite  of  fourth  axillary  (kAx)  of  front  wing,  affording 

insertion  for  slender  muscle  (fig.  28,  cc)  attached  below  to 
common  apodeme  of  mesosternum  and  metasternum. 

z,  coxal  condyles  of  mesothoracic  and  metathoracic  sterna,  probably 

really  the  coxal  condyles  of  trocbantins  (fig.  4,  TnC)  fused  en- 
tirely with  the  sterna  and  epjsterna  in  each  segment 

aa,  muscle  arising  from  inner  wall  of  mesothoracic  pleurum  and  In- 

serted upon  outer  end  of  corresponding  scutellum,  probably  ac- 
cessory in  function  to  the  great  vertical  muscles  (flg.  27,  VMcl) 
between  the  mesothoracic  sternum  and  scutum. 

oft,  coxo-axillary  muscle,  extending  from  upper  end  of  coxa  to  third 

parapterum  (3P). 

cc,  muscle  inserted   upon  accessory  sclerite    (y)   of  fourth  axillary 

(4  Ax)  from  common  entosternum  of  mesothorax  and  meta- 
thorax. 

dd,  notch  of  antenna  cleaner  on  first  tarsal  joint  (ITar)  of  front  leg. 

ee,  spine  of  antenna  cleaner  situated  on  distal  end  of  tibia  (Tb). 

tf>  so-called  "  wax  shears  "  or  "  wax  pincers." 

gg,  transverse  chitlnous  band  of  empodium  (Emp),  which  compresses 

its  two  lobes  when  not  In  use  and  spread  out  by  muscular  effort 

hh,  dorsal  plate  supporting  empodium. 

ii,  ventral  plate  supporting  empodium. 

jj,  dorsal  groove  of  lancet  Interlocking  with  ventral  ridge  of  sheath  of 

sting. 

kk,  sting  chamber  within  end  of  seventh  abdominal  segment  lodging 

sting  whose  accessory  plates  are  derived  from  eighth  and  ninth 
segments. 

II,  reservoir  of  thoracic  salivary  gland. 

mm,  receptacular  chitinous  pouches  on  ventral  side  of  pharyngeal  plate 

(*)  receiving  ducts  of  large  lateral  pharyngeal  glands  of  head 
(101). 

nn,  "stomach-mouth"  at  summit  of  proventrlcular  projection  within 

honey  stomach  (HS). 

oo,  pores  on  lancets  (flg.  40  E)  and  shaft  of  sting  sheath  (F)  open- 

ing to  exterior  from  prolongation  of  body-cavity  (be)  contained 
in  each. 

ppt  gelatinous  layer  secreted  upon  inner  surface  of  ventricular  epi- 

thelium. 

qq,  food  contents  of  alimentary  canal. 

rr,  cells  of  ventricular  epithelium  apparently  forming  the  internal 

gelatinous  layer. 

88,  cartilaginous  mass  on  inner  surface  of  dorsal  wall  of  bulb  of 

penis  (flg.  56  B,  PenB). 

tt,  dorsal  plates  of  bulb  of  penis. 

mm,  fimbriated  dorsal  lobes  of  penis  at  base  of  bulb. 

w,  ventral  scalariform  row  of  plates  on  tube  of  penis. 

wto,  dorsal  basal  plates  of  penis. 

xx,  ventral  basal  plates  of  penis. 

yyf  basal  pouch  of  penis. 

zz9  copulatory  sacs  of  penis. 


148  THE  ANATOMY  OF  THE  HONEY  BEE. 


Abonyi,  Sandor. 

1903.  Morphologische  und  physlologische  Beschreibung  des  Darmkanals  der 

Honigbiene  (Apis  melliflca).    Ablatt  KQzlem.,  II,  pp.  137-168,  pis. 
XI-XIV. 

Arnhart,  Ludwig. 

1906.  Anatomie  und  Physiologie  der  Honigbiene.  99  pp.,  4  pis..  53  figs.    Wlen. 

1906.     [Extract  from  "  Allgemeines  Lehrbuch  der  Bienenzucht * 

by  Alois  Alfonsus.] 
Bobdas,  L. 

1894.  Anatomie  du  tube  digestif  des  Hyme'nopt&ree.    Comptes  Rendus  de 

l'Acad.  des  Sci.,  Paris,  CXVIII,  pp.  1423-1425. 
1894.  Glandes  sallvaires  des  Apina*   (Apis  melliflca    $    et    $  ).     Compte- 

rendu  de  la  Soc.  Phil,  de  Paris,  1894,  No.  4,  pp.  12-14. 

1894.  Glandes  sallvaires  des  Apina?  (Apis  melliflca  $   et   &  ).     Bui.  de  la 

Soc.  Phil,  de  Paris,  8  ser..  VII,  18W-1895,  pp.  9-26,  9  figs. 

1895.  Appareil  genital  male  des  Hymenopt&res.    Ann.  Sci.  Nat,  XX.  7  ser., 

1895,  pp.  103-181. 

Bbeithaupt,  Paul  Franz. 

1886.  Ueber  die  Anatomie  und  die  Functlonen  der  Bienenzunge.  Arch.  1 
Naturg.,  LI  1 1,  pp.  47-112,  pis.  IV-V.  [Brief  summary  in  Journ. 
Roy.  Mlcr.  Soc,  VII,  Pt  I,  1887,  pp.  224-225.] 

Brkslau,  Ernst. 

1905.  Die  Samenblasengang  der  BienenkSnigin.  ZooL  Anz.,  XXIX,  1905- 
1906,  pp.  299-323,  7  figs. 

Briant,  T.  J. 

1884.  On   the  anatomy  and  functions  of  the  tongue  of  the  honey   bee 

(worker).      Journ.   Linn.    Soc.    London,   ZooL,   pp.   408-417,    Pis. 

XVIII,  XIX. 
Carlet,  G. 

1884.  Sur  les  muscles  de  l'abdomen  de  1'abellle.    Comptes  Rendus  de  l'Acad. 

des  Sci.  de  Paris,  XCVIII,  pp.  758,  759. 
1884.  Sur  le  venin  des  HymGnopt&res  et  ses  organes  secreteurs.     Comptes 

Rendus  de  TAcad.  des  Sci.  de  Paris,  XCVIII,  pp.  1550,  1551. 
1890.  Memoir  sur  le  venin  et  l'aiguillon  de  Tabellle.    Ann.  des  Sci.  Nat, 

Zool.,  7  ser.,  IX,  pp.  1-17,  pi.  1. 
1890.  Sur  les  organes  secrCteurs  et  la  secretion  de  la  cire  chez  rabeille. 

Comptes  Rendus  de  TAcad.  des  Sci.  de  Paris,  CX,  pp.  361-363. 

Cheshirk,  Frank  R. 

18S5.  The  apparatus  for  differentiating  the  sexes  in  bees  and  wasps.  An 
anatomical  investigation  Into  the  structure  of  the  receptaculum 
seminis  and  adjacent  parts.  Journ.  Roy.  Mlcr.  Soc.,  ser.  2,  V,  pp. 
1-15,  Pis.  I,  II. 
1886.  Bees  and  bee  keeping,  2  vols.,  London.  (Vol.  I  devoted  mostly  to 
anatomy  of  the  bee.) 
Clerici,  F. 

1S75.  L'Ape  sua  anatomia — suol  memici.    Milan.     [30  colored  platefl  drawn 
from  anatomical  preparations  by  G.  Bartd.] 
Cook,  A.  J. 

1904.  The  bee  keeper's  guide,  18th  ed.,  Chicago. 

Copeland,  Manton.  and  Mark,  E.  L. 

1907.  Some  stages  in  the  si>ermatogene8is  of  the  honey  bee.    Proc.  Amer. 

Acad.  Art.  and  Sci.,  XLII,  pp.  103-111,  1  pi. 


BIBLIOGRAPHY.  149 

Cowan,  T.  W. 

1904.  The  honey  bee,  2d  ed.,  London. 

Djathchenko,  Sophie. 

1906.  Zur  Frage  der  Atbunjsorgane  der  Biene.     Ann.  de  1'Inst.  agron.  de 

Moscou,  XII,  pp.  1-14,  9  figs. 

Dretling,  L. 

1903.  Ueber  die  wachsbereiteuden  Organe  der  Honigbiene.  Zool  Anz., 
XXVI,  pp.  710-715,  2  figs. 

FOREL,   AUGU8TE. 

1907.  The  senses  of  insects.     English  ed.,  translated  by  Maclood  Yearsley, 

London. 

Girabd,  Maurice. 

1878.  Les  abellles.    Paris. 

Gibdwoyn,  Michel. 

1876.  Anatomie  et  physiologie  de  rabeille.  Mem.  de  la  Soc.  Polonaise  des 
Sei.  Exac.,  VI,  39  pp.,  12  pis.,  Paris.     [Also  published  separately.] 

Hommell,  R. 

1904,1905.  Anatomie  et  physiologie  de  rabeille  domestique.     Le  Microg. 

Prep.,    XII,    pp.   49-60,    pis.    XXVII,    XXVIII;    XIII,    pp.    15-25, 

60-67. 
1906.  Apiculture   (Eucyclop&lie  Agricole).     Anatomie  de  rabeille,  pp.  20- 

103,  Paris. 

Huber,  Francois. 

1814.  Nouvelles  observations  sur  les  abeilles,  2  vols.  2d  ed.,  Paris  and 
Geneva. 

Ken  yon,  F.  C. 

1896.  The  brain  of  the  bee.     Journ.  Comp.  Neurol.,  VI,  pp.  133-210,  pis. 

XIV-XXII. 

1897.  The  optic  lobes  of  the  bee's  brain  in  the  light  of  recent  neurological 

methods.     Amer.  Nat.,  XXXI,  pp.  369-376,  pi.  IX. 

Koschevnikov,  G.  A. 

1900.  Ueber  den  Fettkorper  und  die  CEnocyten  der  Honigbiene  (Apis  mclli- 
fcra  L).    Zool.  Anz.,  XXIII,  pp.  337-353. 

Kraepelin,  K. 

1873.  Untersuchungen  tiber  den  Bau,  Mecbanismus  und  Entwickelung  des 
Stachels  der  bieuenartigen  Tiere.  Zeit.  f.  wiss.  Zool.,  XXI II,  pp. 
289-330,  pis.  XV,  XVI. 

L.UDWIG,   AUGU8T. 

1906.  Unsere  Bienen.    Die  Anatomie,  pp.  34-112,  Berlin. 

Macloskie,  George. 

1881.  The  endocranium  and  maxillary  suspensorium  of  the  bee.  Amer. 
Nat,  XV,  pp.  353-362,  6  figs. 

Mark,  E.  L.,  and  Copeland,  Manton. 

1907.  Some  stages  in  the  spermatogenesis  of  the  honey  bee.     Proc.  Amer. 

Acad.  Art.  and  Sci.,  XLII,  pp.  103-111,  1  pi. 

Meves,  Friedrich. 

1903.  Ueber  Richtungskorperbildung  lm  Hoden  von  Hymenopteren.  Anat. 
Anz.,  XXIV,  pp.  29-32,  8  figs. 

1907.  Die  Spermatocytentellungen  bei  der  Honigbiene  (Apis  mcllifica  L.), 
nebst  Bemerkungen  tiber  Chromatinreduction.  Arch.  f.  Microsk. 
Anat.  und  Entwick.,  LXX,  pp.  414-491,  5  figs.  pis.  XXII-XXVI. 


150  THE  ANATOMY  OF  THE  HONEY  BEE. 

MlCHAELIS,   GeOBG. 

1900.  Ban  und  Entwickelung  des  m&nnllchen  Begattungsappa  rates  der  Ho 
nigbiene.    Zeit.  f.  wiss.  Zool.,  LXVII,  pp.  439-460,  pi.  XXVI. 

Paulcke,  Wilhelm. 

1900.  Ueber  die  Differenzirung  der  Zellelemente  im  Ovarium  der  Bienen- 

ktfnigin  (Apia  mellifica).    Zool.  Jahrb.,  Anat.  und  Ontog.,  XIV,  1900, 
1901,  pp.  177-202,  pis.  12-13a. 

Phillips,  Everett  Frankxin. 

1905.  Structure  and  development  of  the  compound  eye  of  the  honey  bee. 
Proc.  Acad.  Nat.  Sci.  Phila.,  LVII,  pp.  123-157,  7  figs.,  pis.  VI-VIL 

Pi8Sabew,  W.  J. 

1898.  Das  Herz  der  Blene  (Apis  mellifica).    Zool.  Anz.,  XXI.  pp.  2«2.  283. 

1  fig. 
Planta,  A.  von. 

1888  and  1889.  TJeber  den  Futtersaft  der  Biene.  Zeit.  f.  Physio.  Chemie, 
XII,  1888,  pp.  327-354 ;  XIII,  1889,  pp.  552-561. 

Plateau,  Felix. 

1874.  Recherches  sur  les  phenomenes  de  la  digestion  ehez  les  insectes.    Mem. 

de  TAcad.  Roy.  des  Sci.,  des  Let.  et  des  Beaux-arts  de  Belgique, 
XLI,  pp.  3-124,  pis.  I-III. 

Root,  A.  I.,  and  Root,  E.  R. 

1908.  The  ABC  and  X  Y  Z  of  Bee  Culture,  Medina,  Ohio. 

Samuelson,  J.,  and  Hicks,  J.  B. 

1860.  The  honey  bee.     London. 

Schiemenz,  Paulus. 

1883.  Ueber  des  Herkominen  des  Futtersaftes  und  die  Spelcheldrfisen  der 
Bienen,  nebst  einem  Anhange  fiber  das  Riechorgan.  Zeit.  f.  wiss. 
Zool.,  XXXVIII,  pp.  71-135,  pis.  V-VII. 

Rchmid,  A.,  and  Kleine,  G. 

1861.  TTmrisse   zur  Anatomie   und    Physiologie  der   Bienen.     Die    Bienen- 

zeitung,  I,  pp.  498-525,  pis.  I-VII. 

SCHONFELD,   PASTOR. 

1886.  Die  physiologische  Bedeutung  des  Magennumdes  der  Honigbiene. 
Arch.  f.  Anat.  und  Physiol.,  Physiol.  Abth.,  pp.  451-458. 

Sladen,  F.  W.  L. 

1901.  A  scent-producing  organ  in  the  abdomen  of  the  bee.    Gleanings  in 

Bee  Culture,  XXIX,  August,  pp.  639,  640,  1  fig. 

1902.  A    scent-producing   organ    in   the   abdomen   of   the   worker   of   Api* 

mclUflca.    Ent.  Mag.  Lond.,  XXXVIII,  pp.  208-211,  1  fig. 

Wolff,  O.  J.  B. 

1875.  Das  Riechorgan  der  Biene.    Nova  Acta  der  Ksl.  Leop.-Carol.  Deut 

Akad.  der  Naturf.,  XXXVIII,  pp.  1-251,  pis.  I-VIII. 

Zander.  Enoch. 

1899.  Beitrage  zur  Morphologie  des  Stachelapparates  der  Hymenopteren. 

Zeit.  f.  wiss.  Zool.,  LXVI,  pp.  288-333,  pis.  XVIII,  XIX. 

1900.  Beitriige    zur    Morphologie    der    inannlichen    Geschlichtsorgilne    der 

Hymenopteren.    Zeit.  f.  wiss.  Zool.,  LXVII,  pp.  461-489,  9   figs^ 
pL  XXVII. 


INDEX. 


Abdomen,  defined 13-14 

general  structure 24-26 

of  honey  bee 69-71 

muscles 118-119 

wax  glands  and  sting 69-83 

Absorption 104-105 

Accessory  sternal  plate  in  generalized  thorax 21 

Acid  gland  of  sting 79 

Alimentary  canal - 90 

and  its  glands 84-106 

Alkaline  gland  of  sting 79 

Anabolism 86 

Anal  veins  of  generalized  wing 22 

Hymenoptera 59 

Andrena,  pharyngeal  glands 92 

Anteclypeus 15 

Antenna  cleaner 66 

Antennae  and  their  sense  organs 32-39 

defined 16 

of  honey  bee 27, 32-33 

sense  organs 36-39 

Antennal  lobes 125 

Anterior  notal  wing  process,  defined 19 

of  mesothorax  of  honey  bee 62 

metathorax  of  honey  bee 56 

Anlhopfiora,  pharyngeal  glands 92 

Anus 78 

Aorta 108-109 

Apodomes.  .* 32 

Appendages 12-13 

Assimilation 84-87 

Axillaries,  defined 23 

of  front  wing  of  honey  bee 62 

hind  wing  of  honey  bee 62 

Hymenoptera 59-62 

Axillary  cord,  defined 19 

of  generalized  wing 23 

honey  bee 62 

membrane  of  generalized  wing 23 

honey  bee 61 

Basal  ligament  of  wing.     (See  Axillary  cord.) 

Basement  membrane 129 

Blatta,  development  of  head 18 

Blood 107 

Body  wall '. 14-15 
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Bombua,  pharyngeal  glands 92 

Bouton 45 

Brain,  general  description 124 

of  honey  bee 125-126 

Brood  food 92-94 

production  of,  and  summary  of  facts  known  concerning  it 9&-101 

Bursa  copulatrix 134 

Carbohydrates 89 

Cardo,  defined 17 

of  honey  bee 45 

Cells  of  body,  defined 84-86 

wing,  defined 23 

Cerci,  defined 24 

Cervicum 13 

Chiasma,  inner 127 

outer 127 

"Chyle" 101 

1 1  stomach  " 90 

1 '  Chyme  " 101 

Circulation  of  the  blood 107-1 1 1 

Circulatory  system 107-111 

Circumcpsophageal  commissures,  defined 124 

in  honey  bee 126 

Clasping  organs,  defined 24 

of  drone 73 

Claws  of  tarsus 22, 68-69 

Clypeal  suture 28 

Clypeus,  defined 15 

of  honey  bee 28 

Cockroach,  Blattay  development  of  head 18 

Commissures 124 

Compound  eyes 27 

detailed  structure 127-130 

Conocephalwt,  ovipositor 25 

Corbicula 66-68 

Cornea 27, 127-129 

Corneal  pigment  cells 129 

Costa  of  generally.  id  wing 22 

Hymenoptera 59 

Coxa,  defined 20,22 

of  honey  bee 67 

Coxo-axillary  muscle  of  wing  of  honey  bee 66 

Coxosternum 21 

Cranium,  internal  structure 30-32 

Cricket,  Gryllus  pennsylvanicus,  mouth  parts 16-18 

Crop,  defined 90 

of  honey  bee  (honey  stomach) 94-95 

Cross  veins  of  generalized  wing 22-23 

Crystalline  cone 129 

lens 129 

rod 1 129 

Cubitus  of  generalized  wing 22 

Ilymenoptera 60 
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Dendroctonus,  "  preepisternum  " 20 

Depressor  muscles  of  wing  of  honey  bee 64 

Determination  of  sex  in  honey  bees 139 

Deutocerebrum,  defined 124 

in  honey  bee 125-126 

Development,  defined 11-12 

Diaphragm  cells 110 

Diaphragms,  defined 107-108 

dorsal 109-110 

ventral 109 

Digestion 86,89 

assimilation,  and  excretion,  general  physiology 84-87 

Dorsal  diaphragm 109-110 

sinus 107-108,111 

'  *  Dorsocerebrum  " 126 

Dorsum,  defined 18 

Drones,  defined 130 

Ductus  ejaculatorius 132 

Egg,  defined 130 

fertilization 137, 138, 139 

formation 136 

Elevator  muscles  of  wing  of  honey  bee 64 

Embryo 12-14 

Embryonic  development,  defined 12 

Empodium,  defined 22 

of  honey  bee 68, 69 

Entocranium 31 ,  32 

Entodorsum,  defined 19 

Entopleurum,  defined 19 

of  mesothorax  of  honey  bee.     (See  Pleural  ridge.) 

Entosternum  (furca),  defined 21 

of  prothorax  of  honey  bee 55 

mesothorax  and  metathorax  of  honey  bee 56 

Entotergum,  defined 19 

Entothorax,  defined 32 

Enzymes 87 

Epicranium,  defined 16 

Epimeral  paraptera  (postparaptera),  defined 20 

of  mesopleurum  of  honey  bee 56 

Epimerum,  defined 19 

of  mesopleurum  of  honey  bee 56 

Epipharynx,  defined 16 

of  honey  bee 51-53 

sense  organs 52-53 

Epipleurites,  defined 24 

Episternal  paraptera  (preparaptera),  defined 20 

of  mesopleurum  of  honey  bee 56 

Episternum,  defined 19 

of  mesopleurum  of  honey  bee 56 

Excretion 84-S7 

Extensor  muscle  of  mandible  of  honey  bee 40 

External  genital  organs  of  drone  honey  bee 72-73 

development 73-74 
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External  mandibular  glands 41 

Eye,  compound 27, 127 

simple.... 27,130 

Facets  of  compound  eye 27 

Fat  body 119,120 

and  oenocytes 119-121 

Female  organs  of  reproduction 134-139 

Femur,  defined 22 

of  honey  bee 67 

Fertilization  of  egg,  defined 130 

of  honey  bee 137-139 

First  abdominal  segment  (propodeum) 58-59 

Flagellum : 32-33 

Flexor  muscle  of  mandible  of  honey  bee 40 

wing  of  honey  bee 65 

Food  of  adult  honey  bees 89 

larvae.    (See  Brood  food  and  Royal  jelly. ) 

Foramen  magnum,  defined 15 

of  head  of  honey  bee 28 

Fossa  of  proboscis 28, 46 

Frontal  ganglion 125 

Front,  defined 15 

of  head  of  honey  bee , 29 

Furca  (entosternum),  defined 21 

of  prothorax  of  honey  bee 55 

mesothorax  and  metathorax  of  honey  bee 56 

Galea,  defined 17 

of  maxilla  of  honey  bee 46 

Ganglia,  defined 124 

"  Gaumensegel " 52 

Genaa,  defined 15 

of  head  of  honey  bee 29 

General  physiology  of  digestion,  assimilation,  and  excretion 84-87 

Gills,  defined 112 

Glands,  external  mandibular 41 

internal  mandibular 42 

lateral  pharyngeal 91, 92 

median  pharyngeal 91 

mucous  glands  of  male  organs 132 

of  Nassanoff , 83 

sting 78-80 

acid 78-79 

alkaline 79 

"lubricating  " 78 

postcerebral 87-88 

rectal 90,106 

salivary,  of  head 87-88 

thorax 88-89 

sublingual 91 

supracerebral 91 

Glossa,  defined 45 

details,  in  worker  of  honey  bee 48 

Glossse,  defined 17 

of  labium  of  generalized  insect 17, 44 
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Glossal  rod 48 

Gonapophysee,  defined 24 

of  ovipositor  of  longhorned  grasshopper 25 

sting  of  honey  bee 76 

Grasshopper,  longhorned  (Conocephalus),  ovipositor 25 

Growth,  denned 11 

Orylius  pennsylvanicus,  mouth  parts 16-18 

Gular  sclerites,  defined 16 

Head,  defined 15 

of  honey  bee  and  its  appendages 26-53 

external  structure 26-30 

internal  structure 30-32 

worker,  queen  and  drone,  compared 29-30 

Heart,  chambers 108 

general  description 108 

of  honey  bee 109 

Honey  stomach 90, 94-95 

Horntail,  Sirex  Jlavicornis,  first  abdominal  segment 58 

metapleurum 57 

wing  veins 60-62 

Humeral  cross- vein,  defined 22 

Hydrocarbons 89 

Hypopharynx,  confusion  with  glossa  of  honey  bee 44 

denned 16,17 

Hypopleurites,  defined 24 

Hypopygium,  defined 73 

Imago,  defined 12 

Ingluvies,  defined '     90 

Insects,  general  external  structure 10-26 

Internal  mandibular  glands 42 

Intersegmental  membrane,  defined 14 

in  abdomen  of  honey  bee 70-71 

Intestine 90, 105, 106 

Itycorsia  discolor ,  wing  veins 59-61 

Joyful  hum 83 

Katabolism 86 

Labella 45 

Labial  palpi,  defined 17 

of  honey  bee 44 

Labium,  defined 16 

of  generalized  insect 17 

honey  bee 27, 44 

Labium,  defined 15 

of  generalized  insect 16 

head  of  honey  bee 28 

Lacinia,  defined 17 

Lancets  of  sting 75 

Large  intestine 90, 106 

Larva,  defined 12 

Larval  stage,  defined 12 

Lateral  pharyngeal  glands 91-92 

Latus,  defined 18 

Legs  of  generalized  insect 21-22 

worker,  queen,  and  drone 66-69 
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Ligula,  defined 17 

of  honey  bee 44-45 

Lingua,  confusion  with  other  terms 44, 45 

defined 17 

Lorum 46 

"  Lubricating  "  glands  of  sting 78 

Male  organs  of  reproduction 132-134 

Malpighian  tubules,  defined 90 

of  honey  bee lCfc-106 

Mandibles,  defined .     16 

of  generalized  insect 16 

honey  bee 27, 39-41 

Mandibular  glands,  external 41 

internal 42 

Max il lie,  defined 16 

of  generalized  insect 17 

honey  bee 27, 44 

Maxillary  palpus,  defined 17 

of  honey  bee 45 

Maxillary  suspensorium 32 

Median  pharyngeal  glands 91 

plates  of  generalized  wing 23 

segment  (propodeum)  of  Hymenoptera „\ . .  59 

Media  of  generalized  wing 22 

wings  of  Hymenoptera 60 

Medio-cubital  cross-vein,  defined 23 

Mentum,  defined 17 

of  labium  of  honey  bee 44 

Mesocephalic  pillars 31 

Me8opleurum 56 

Mesosternum 56 

Mesotergum : 55 

■Mesothorax,  defined 13 

of  honey  bee 55-56 

Metabolism,  defined : 86 

process 115 

Metameres,  defined 12 

Metapleurum 57 

Metasternum 56 

Metatergum 56 

Metathorax,  defined 13 

of  honey  bee 56-58 

Micropyle  of  egg,  defined 139 

Microthorax,  defined 13 

of  generalized  insect 18 

Motion  of  wings  in  flight 63 

Mouth,  defined 49 

of  honey  bee 28 

parts,  defined 16 

of  generalized  insect 16-18 

honey  bee 27-28, 39-53 

action  in  feeding 46-49 

Mucous  glands  of  male  organs 132 

Muscles  of  flight 63-66 
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Neck  or  cervicum,  defined 13 

of  generalized  insect 18 

Nervous  system  and  the  eyes 122-130 

general  description 124-125 

physiology 122-124 

of  abdomen  of  honey  bee 126-127 

head  of  honey  bee 125-126 

thorax  of  honey  bee 126-127 

Notum,  defined 19 

Nymph,  defined 12 

Oblong  plate  of  sting 75-76 

Occiput,  defined 15 

of  head  of  honey  bee 29 

Ocelli 27.130 

(Enocytee 114-115,120-121 

(Esophagus,  defined 90 

of  honey  bee 94 

Ommatidia  of  compound  eye 128 

Optic  lobes  of  brain 124 

Ostia  of  heart 108 

Ovaries,  defined 134 

structure  in  queen  bee 136 

Ovarioles,  defined 134 

structure  in  queen  bee 136 

Oviducts,  defined 134 

Ovipositor 24-26 

Palpifer,  defined 18 

of  maxilla  of  honey  bee 45 

Palpiger,  defined 17 

of  labium  of  honey  bee 44 

Palpi,  labial,  defined 17 

of  honey  bee 44 

maxillary,  defined 17 

of  honey  bee 45 

of  sting  of  honey  bee '....        76 

Paraglossre,  defined 17 

of  labium  of  honey  bee 44, 47 

Paraptera,  defined 20 

of  mesopleurum  of  honey  bee 56 

Parthenogenesis 131 

Penis 132 

Pepsis,  wing  veins 60-62 

Pericardial  air  sacs Ill 

cells Ill 

chamber,  defined 108 

of  honey  bee  (dorsal  sinus) 107,  111 

Peritrophic  membranes 101-102, 104 

Pharyngeal  glands,  lateral 91-92 

median 91 

plate 50,91 

Pharynx,  defined 90 

of  honey  bee 90-91 

Phragmas,  defined 19 

of  mesotergum  of  honey  bee 55-56 
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Page. 
Pigment  cells  of  compound  eye 129 

Pleural  coxal  process,  defined 19 

ridge  (entopleurum),  defined 19 

of  mesopleurum  of  honey  bee 56 

suture,  defined 19 

of  mesopleurum  of  honey  bee 56 

wing  process,  defined 19 

of  mesopleurum  of  honey  bee 56 

Pleurites,  defined 14 

Pleurum,  defined 14 

of  generalized  insect 19-20 

mesothorax  of  honey  bee 56 

metathorax  of  honey  bee 57 

prothorax  of  honey  bee 55 

Poison  glands  of  sting  of  honey  bee 78-79 

sac  of  sting  of  honey  bee 78-79 

Pollen  baskets  of  worker  bee 66 

Postcerebral  glands 87-88 

Postclypeus,  defined 15 

Postembryonic  development,  defined 12 

Posterior  notal  wing  process,  defined 19 

of  mesothorax  of  honey  bee 62 

metathorax  of  honey  bee 56 

Postgena,  defined 16 

of  head  of  honey  bee 29 

Postnotum  (peeudonotum),  defined 19 

of  mesotergum  of  honey  bee 55-56 

Postparaptera,  defined 20 

of  mesopleurum  of  honey  bee 56 

Postscutellum,  defined 19 

of  mesotergum  of  honey  bee 55 

Poststernellum,  defined 21 

Preepisternum,  defined 19-20 

Preoral  cavity 49 

Preparaptera,  defined 20 

of  mesopleurum  of  honey  bee 56 

Prescutum,  defined 19 

Presternum,  defined 20 

Proboscis 27,  43-51 

Pronator  apparatus  of  wing 65 

Propodeum 58-59 

Proteids 89 

Prothorax,  defined 13 

of  honey  bee 55 

Protocerebrum,  defined 124 

in  honey  bee 125 

Protoplasm 86 

"  Protractor  linguae  " 51 

Proventricular  valve 97 

Proventriculus,  defined 90 

of  honey  bee 95-98 

Pseudonotum,  defined 19 

Psithyrus,  pharyngeal  glands 92 
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Pulvilli,  defined.... 22 

Pupa,  defined 12 

Pupal  stage,  defined 12 

Quadrate  plate  of  sting  of  honey  bee 76 

Queens,  defined 130 

function  in  hive 130-131 

Radio-medial  cross- vein,  defined 23 

Radius  of  generalized  wing 22 

wings  of  Hymenoptera 59-62 

Rectal  glands,  defined 90 

of  honey  bee 106 

Rectum,  defined 90 

of  honey  bee , 106 

Reproductive  system 130-139 

of  drone  bee 132-134 

queen  bee 134-139 

Respiration,  movements 118 

muscles 118-119 

physiology 112-114 

Respiratory  system 112-119 

Retinulae  cells 129 

"Retractor  linguae  biceps " 51 

"longus" 51 

Rhabdomes  of  compound  eye 129 

"  Riechschleimdrusse  " 41 

Royal  jelly 92-94 

Salivary  glands 87-89 

of  head 87-88 

thorax 88-89 

opening  on  labium 49 

pump 50 

Sawfly,  Itycorsia  discolor,  wing  veins 59-61 

Scape 32 

"Schlundbein" 50 

Sclerites,  defined 14 

Scutellum,  defined 19 

of  mesotergum  of  honey  bee ^ 55 

Scutum,  defined 19 

of  mesotergum  of  honey  bee 55 

Second  maxillae,  defined 17 

Sheath  of  sting 75 

basal  arms 75 

bulb 75 

shaft 75 

Simple  eyes 27, 130 

Sinuses,  defined - . .      107 

Sirex  flavicornis,  first  abdominal  segment 58 

metapleuruin 57 

wing  veins 60-62 

Small  intestine,  defined 90 

of  honey  bee 105 

Smell,  sense 33-39 
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Page. 
Somites,  defined 12 

Spermatheca,  defined 134-135 

structure  in  queen 136-137 

Spermatozoa,  defined 130 

of  honey  bee 134,137-138 

Sperm  pump  of  spermatheca 136-138 

Spiracles,  defined 26, 112 

of  honey  bee 115-116 

Sternal  laterale,  denned 21 

Sternellum,  defined 21 

Sternites,  defined 14 

Sternum,  defined 14 

of  generalized  insect 19 

mesothorax  of  honey  bee 56 

metathorax  of  honey  bee. . : 56 

proper,  defined 20 

Stimuli,  afferent,  defined 124 

efferent,  defined 124 

Sting 74-83 

injection  of  poison 80-82 

morphology 77-78 

of  queen  bee 82-83 

Stipes,  defined 17 

of  maxilla  of  honey  bee '. 45 

Stomach  mouth  (proventriculus) 95-96 

(ventriculus),  defined 90 

of  honey  bee 98 

Stomatogastric  nervous  system,  defined 125 

of  honey  bee 126 

Subcosta  of  generalized  wing 22 

wings  of  Hymenoptera 59 

Subgalea 45 

Sublingual  glands 91 

Submentum,  defined 17 

of  labium  of  honey  bee 44 

Suboesophageal  ganglion,  defined 124 

of  honey  bee 126 

Superlinguae  of  embryo 17 

Supracerebral  glands 91 

Sutures,  defined 14 

Sympathetic  nervous  system,  defined 125 

of  honey  bee 126 

Tarsus,  defined 22 

of  honey  bee 67 

first  joint 66 

last  joint 68-69 

Taste  organs • 52 

Tegula,  defined 23 

Temperature  of  honey  bees 115 

Tenth  segment  of  abdomen 78 

Tentorium 31 

Tergites,  defined 14 
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Tergum,  defined 14 

in  generalized  thoracic  segment 19 

of  abdominal  segments  of  honey  bee 69-70, 72-73 

first  abdominal  segment  of  honey  bee 58-59 

mesothorax  of  honey  bee 55 

metathorax  of  honey  bee 56-57 

prothorax  of  honey  bee * 55 

Testes t 132 

Thoracic  salivary  glands 88-89 

segment,  typical 18-19 

Thorax,  defined 13 

generalized  segment 18-19 

of  honey  bee  and  its  appendages 53-69 

special  characters,  in  honey  bee 54-55 

Tibia,  defined 22 

of  honey  bee 67 

Tongue 27,44-45 

Tracheae,  defined > 26,112 

of  honey  bee 116-118 

Triangular  plate  of  sting  of  honey  bee 76 

Tritocerebrum 124 

Trochanter,  defined 22 

of  honey  bee 67 

Trochantin,  defined 20 

of  honey  bee 57-58 

mandibles,  defined 16 

Trophi,  defined 16 

Vagina,  defined 134 

valve 138 

"Valva  externa" 73 

4  *  interna  " : 73 

Vasa  deferentia 132 

Veins  of  generalized  wing 22-24 

wings  of  Hymenoptera 59-62 

Venter,  defined 18 

Ventral  diaphragm 109 

or  median  pharyngeal  glands 91 

sinus 107-109 

Ventriculus,  defined 90 

of  honey  bee 98 

contents 98 

histologv 102-104 

"Ventrocerebrum" '. 126 

Vertex,  defined 15 

of  head  of  honey  bee 29 

Veeiculse  seminales 132 

Wax  glands 71 

secretion 71-72 

shears 68 

Wing  processes  of  notum,  defined 19 

of  mesonotum  of  honey  bee 62 

metanotum  of  honey  bee 56 
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Wing  processes  of  pleura,  defined 19 

of  mesoplcurum  of  honey  l>ee 56 

Wings,  articulation  in  generalized  insect 23 

honey  bee 62-63 

defined 13 

motion 63 

muscles 63-66 

of  generalized  insect 22-24 

honey  bee 62-66 

Hymenoptera 59-62 

pronator  apparatus 65 

veins 59-62 

Workers,  defined 130 

function  in  hive 130-131 
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